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HIGH THROUGHPUT SCREENING ASSAY SYSTEMS IN 
MICROSCALE FLUIDIC DEVICES 
CROSS-REFERENCE TO RELATED APPUCATIONS 
This is a continuation-in-part of U.S. Patent Application Serial No. 
08/671 987 filed June 28, 1996. and U.S. Patent Application Serial No. 08/761.575 
filed December 06. 1996. each of which is hereby incorporated herein by reference 
in its entirecv for all purposes. A United States Application. Attorney Docket No^ 
017646-0004200 substantially identical to the present application was co-filed m the 
United States Patent Office on June 24, 1997. This application is also incorporated 
herein bv reference. 

HELD OF THE INVENTION 
This application relates to apparatus and assay systems for detecting 
molecular interactions. THe apparams comprise a substrate w.th one or more 
intersecting channels and an electroosmotic fluid movement component, or other 
component for moving fluid in the channels on the substrate. 

BACKGROUND OF THE INVENTION 
There has long been a need for the ability to rapidly assay compounds 
for their effects on various biological processes. For example, enzymologists have 
lon. soueht better substrates, better inhibitors or better catalysts for enzymattc 
reactions^ Similarly, in the pharmaceutical industries, attention has been focused on 

ui^^u r*.Hiirp or even enhance the interactions 
ideraifving compounds chal my block, reduce, or even enn 

between bioloa.cal molecules. SpecifcaUy. in biological sys„ms .he m«racuon 
between a rec;p.or and its ligand of«n may result, eimer directly or tKrough some 
downstream event, in eimer a deleterious or benefcial effect on that system, and 
cot^e^ucntly. on a pattent for wHom treattnen, is sought. Accordingly, resea. e^ 
Kave ion. soucM after compounds or mixmres of compounds that can reduce, bloc. 
o. even ;„ha„;c ma. mteraction. Similarly, the ability to rapidly process samples 
for detectton o, bioloc.ca, molecules relevant to d,a=nostic or torenstc analysts ,s o, 
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*..dan«n.. value for. e.,.. aiagnos.,c ■„«iici«. archaeo.o,y. aoUm,pology. and 

modem crimtaal investigauon. 

Modem dru. discover, U .imi<ed by .he .hroughpu, of tt.= assays U». 
„ „s«i .0 screen compounds chat possess mese described effects. In particular 
Mi of a maximum r^mber of different compounds necessiu.^ the 
time and labor requirements assocUted with each screen. 

High dm>ughpu< screening of collections of chemtcally synthes^d 
„„.ecules and of namral products (such as microbial fermentation broths, has thus 
;:,ed a central role in ^ search for lead compounds for the development of new 
phLacoiogical agcms. m remar^«e surge of imerest in combtnatorul 
jTutry L .he associa»d technologies for generating and evaluatmg molecular 
d!::i.y represent signir^ant mi.es»«s in the evolution of this pa.d.gm of dtug 
discovery. See Pavia « al.. 1993. Eto- Mat- Osm- 

Irpoled herein by ref^- To date, peptide chemistry has been .e prmcple 
vehil for exploring the uUli., of combinatorial methods >" ^g^^ 
see Jung & BecR-Sickinger. 1992. ABgeS- CSan- IB M- Engl. 11^ 367-383. 
I,7n«=a -rein by ref.,«.ce. ^s may be ascribed to dte avaU.hU.ty of a large 
and sm.cmra.ly divert rang, of amino acid monomers, a « 
high-yielding solid phase coupling cl«mist,y and the synergy w.U. b.olog«al 
iLhes for generating recombinant pep..ae librar.es. Moreover. U^po„n. and 
s^ciflc b,o,ogical activities of many low molecular weight peptuies "-^^ 
llecules attractive starting points for therapeuUc drug discovery^ ' 

Oan. IB. m. Eog!. 22: 1278-1301, and Wiley & Rich. 993. 
M^d liTlev 327-384. each of which .s,ncorpora.ed herein by reference. 
^avf^ble'Thaicodynamic properties such as poor oral bioavailabiU. ^ .p.d 
Clearance in vivo have limited the more widespread developmem of pepttd^c 
c^^Tnds aTTnigs. however. This reali^tion has recently .nspired woHcers . 
extend d.e concepts of combina«>r.al organic synthes... ^yond pepnde ch«ms.ry 
crea„ libraries of known pharmacophores like ben.od,a.=pm=s <s« Burn 

. . rh^m <;oc 114 10997-10998. incorporated herein by 

tir^rc m^ec;;s s^h . 0,,.^.. .su„.^^^^ 

(••pepioids"> and ol.gocarbamates. See Simon ei al.. 199 

USA 89. 9367-9371: Zuckermann et al.. 1992. J. CMm- See. iU. 
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10646-10647; and Cho et al.. 1993, Ssisnce 261:1303-1305. each of which is 

incorporated herein by reference. 

In similar developments, much as modem combinatorial chemistry 
has resulted in a dramatic increase in the number of test compounds that may be 
screened, human genome research has also uncovered large numbers of new target 
molecules (e.g.. genes and gene products such as proteins and RNA) against which 
the efficacy of test compounds are screened. 

Despite the improvements achieved using parallel screening methods 
and other technological advances, such as robotics and high throughput detection 
systems current screening methods still have a number of associated problems. For 
example, screening large numbers of samples using existing parallel screemng 
methods have high space requirements to accommodate the samples and equipment, 
e g robotics, etc.. high costs associated with that equipment, and high reagent 
requirements necessary for performing the assays. Additionally, in many cases, 
reaction volumes must be very small to account for the small amounts of the test 
compounds that are available. Such small volumes compound errors associated with 
fluid handling and measurement, e.g.. due to evaporation, small dispensing errors, 
or the like. Additionally, fluid handling equipment and methods have typically been 
unable to handle these volume ranges with any acceptable level of accuracy due m 
part to surface tension effects in such small volumes. 

The developmem of systems to address these problems must consider 
a variety of aspects of the assay process. Such aspects include urget and compound 
sources, test compound and target handling, specific assay requirements, and dau 
acquisition, reduction storage and analysis. In panicular. there exists a need for 
high throughput screening methods and associated equipmem and devices that are 
capable of performing repeated, accurate assay screens, and operating at very small 
volumes. 

The present invention meets these and a variety of other needs. In 
particular, the presem .nvemion provides novel methods and apparamses for 
performing screening assays which address and prov.de meaningful solutions to 
these problems. 
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SUMMARY OF THE INVENTION 
The present invention provides methods of screening a plurality of 
test compounds for an effect on a biochemical system. These methods typically 
::riofahHcated substrates which have at least a nrst surface, and at least cwo 
intersecting chamois fabricated into that first surface. At least one of the 
Lectin Channels will have at least one cross-sect.onal dimension m a range 
.om 0.1 to 500 .m. THe methods involve fiowmg a first cor^onent of a 

■« , fim of the at least two intersectmg channels. At least a 
hiochemical system m a first oi uic m 

^ ^< co^acu fu« con-ponen. of *e b>och™.ca, sys^m. An 

eff«t of a« «st con.pcu™l on .he biochemical sys«m men detected^ 

in a relaled aspect, the metiiod comprises continuously flowing .he 
to, component of a biochemical sys«m in *e firs, channel of Oie at .east .»o 
ZZL. channeis. Diffe«n. test compc^nds ate periodicaUy introduced ,n.o the 
fl channl. from a second channei. .ff«.. if -y. of - compound on 
the biochemical system is then detected. 

,n an a,»™.ive aspect, me methods u.i,i» a subs«a„ havmg at .east 
3 first surface with a plurality of reaction channels fabricaud in«, the firs, surface. 
Each of me plurality of reaction channeis is fluid,, connec«d m a. leas. «-o 
Lverse cLnnels also fabricated in dK surface. The at leas, first com^e™ of a 
biochemical system is introduced .nto the plurality of reacion channe Is^a.^ 
plurality of different .est compounds is flowed through at leas, one of at leas. 
Lo .ransverse channeU. FurUter. each of the plurality of tes, compou^ .s 
Loduced into U« transverse channel in a discrete volume. Each of - P-^^ "' 
differem tes, compou™^ is Oircced into a separate react.on channe andU. effect 
of each of me test compounds on the biochem.cal system ,s .hen detected. 

The presem invention also provides apparamses for ptacucng the 
above methods. In one aspect. Ute presem invention provides an ap^arams ^r 

screemng tes. compounds for an effec. on a biochemical system The dev e 
screenms ^^^^ mtersecimg 

comprises a substrate havmg at leas, one suna 

challs fabncated into .he surface. The a, leas. ,wo ,n.etsec„ng '^^^ 
east one ctcss-seconal dimension in me range from about 0,, .o a.ou, =00 .m^ 
leas, one compounds lluidh connected .o 

The device also comprises a source oc oiiicteu 
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a first of the at least two intersecting channels, and a source of at least one 
component of the biochemical system fluidly comiected to a second of the at least 
two intersecting chamiels. Also included are fluid direction systems for flowing the 
at least one component within the intersecting chamiels. and for introducing the 
differem test compounds from the first to the second of the intersecting chamiels. 
The apparams also optionally comprises a detection zone in the second chamiel for 
detecting an effect of said test compound on said biochemical system. 

In preferred aspects, the apparams of the invention includes a fluid 
direction system which comprises at least three electrodes, each electrode being in 
electrical comact with the at least two imersecting chamiels on a differem side of an 
intersection formed by the at least two intersecting chamiels. The fluid direction 
system also includes a control system for concomitamly applying a variable voltage 
at each of the electrodes, whereby movemem of the test compounds or the at least 
first componem in the at least two intersecting channels are controlled. 

In another aspect, the presem invention provides an apparams for 
detecting an effect of a test compound on a biochemical system, comprising a 
substrate having at least one surface with a plurality of reaction chamiels fabricated 
into the surface. The apparams also has at least two transverse chamiels fabricated 
into the surface, wherein each of the plurality of reaction chamiels is fluidly , 
comiected to a first of the at least two transverse chamiels at a first poim in each of 
the reaction chamiels. and fiuidly comiected to a second transverse chamiel at a 
second point in each of the reaction chamiels. The apparams further includes a 
source of at least one componem of the biochemical system fluidly comiected to 
each of the reaction chamiels. a source of test compounds fluidly comiected to the 
first of the transverse channels, and a fluid direction system for controlling 
movemem of the test compound and the first componem within the transverse 
chamiels and the plurality of reaction chamiels. As above, the apparamses also 
optionally include a detection zone in the second transverse chamiel for detecting an 
effect of the test compound on the biochemical system. 
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BRIEF DESCRIPTION OF THE DRAWING 
Figure I is a schemaiic illustration of one embodiment of a 
n^icrolaboratory screening assay system of the present invention which can be used 
in runnine a continuous flow assay system. 

' Figures 2A and 2B show a schematic illustration of the apparatus 

■ oitar^ate assav systems. Figure 2 A shows a system 
shown in Figure 1 . operatmg m alternate assay system 

used for screening effectors of an enzyme-substrate interaction. F.gure 
illustrates the use of the apparatus in screening effectors of receptor-hgand 
interactions. ^^^^^ ^ ^ ^^^^^^ ^^^^^^^^^ ^ .^^ ^^^^^^^ 

„.icrolaboratory assay system in which compounds to be screened are serially 
i„.oduced into the device but then screened in a parallel orientation wtthm the 

Figures 4A-^F show a schematic illustration of the operation of the 
device Shown in Figure 3. in screening a plurality of bead based test compounds. 

Figure 5 shows a schematic illustration of a continuous flow assay 
device incorporating a saxnple shunt for performing prolonged incubation followed 

bv a separaiion step. . n t 

Rgu« 6A shows a schematic UlusmKiOh of a serial ufu, parallel 

^rton device for use wi* fluiO hased ics. compou^s. Figures 6B ar^ 6C show a 
scher-atic illusuarion of fluid flow pa„en,s w.UUn .h. device shown .n flgure 6A. 

Figure 7 shows a schemacic iUusiration of one en.bod.ment of an 
overall assay systems which «nploys multiple microlabora.ory devices labeled as 
-LabChips"" for screening test compounds. 

Figut* 8 is a schematic illustration of a chip layout used for a 

continuous-flow assay screening systtm. 

Figure 9 shows fluorescence dau from a continuous flow assay 
screen Figure 9A shows fluorescence dau from a test screen which per.odica«, 
^dTl^own inhibitor tlPTO, into a fl-galactosidase assay sys.em ,n a ch.p 
form... Fiaure 9B shows a superposi„on of two da. seomems .torn F.gure 9A. 
di.ec.lv comparing d,e inhibitor dau wid, comrol (buffer, dau. 

Fieurc .0 illus.ra.es ,he op=ra.in= paramce-s of a .l..d How sys.em 
on a small ch,p device for per,onn,ns enzyme ,nhib,.o, screemne. 
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Figure 1 1 shows a schematic illustration of timing for sample/spacer 

loading in a microfluidic device channel. 

Figure 12, panels A-G schematically illustrate electrodes used in 

apparatuses of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

I Appli raiions f"*" Invention 

The present invention provides novel microlaboratory systems and 
methods that are useful for performing high-throughput screening assays. In 
particular, the present invention provides microfluidic devices and methods of usmg 
such devices in screening large numbers of different compounds for their effects on 
a variety of chemical, and preferably, biochemical systems. 

AS used herein, the phrase "biochemical system" generally refers to a 
chemical interaction that involves molecules of the type generally found within 
living organisms. Such interactions include the fixll range of catabolic and anabolic 
reactions which occur in living systems including enzymatic, binding, signalling and 
other reactions. Further, biochemical systems, as defined herein, also include 
model systems which are mimetic of a particular biochemical interaction. Examples 
of biochemical systems of particular interest in practicing the present invention 
include, e.g.. receptor-ligand interactions, enzyme-substrate interactions, cellular 
signaling pathways, transport reactions involving model barrier systems (..g.. cells 
or membrane fractions) for bioavailability screening, and a variety of other general 
systems. Cellular or organismal viability or activity may also be screened usmg the 
methods and apparamses of the present invention, e.g., in toxicology smdies. 
Biological materials which are assayed include, but are not limited to. cells, celltilar 
fractions (membranes, cytosol preparations, ere), agonists and antagonists of cell 
membrane receptors ie.g.. cell receptor-ligand interactions such as ..... transferrm. 
c-kit viral receptor ligands (e.g.. CD4-HIV). cytokine receptors, chemokme 
receptors, interleukin receptors, immunoglobulin receptors and antibodies, the 
cadherein family, the integrin family, the selectm family, and the like; see. e., 
Pieott and Power (1993) Th. A dh.sion Molecule FaosBooK Academic Press New 
Y^rk and Hulme led. Et^smoLUs^I^^^ 

and Hames .series editors, IRL Press at Oxford Press NY.. lo.x.ns and venoms. 
v.al epitopes, hormones ...... opiaies. steroids. eic.I. intracellular receptors .... 
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Which med«« ^ effects of various snaall ligands. including steroids, thyroid 
hormone, retinoids and vitanun D. for reviews .... ..... Evans (1988) Science. 

«0-889.895; Han, and Pariccr (1989, Curr. Opin. CeU Bio,.. 1:503-511; Bunistem 
e, ai (1989), A^. Pl^-"' - S'^^""*''^ Truss and Beato ,1993) £«tocr. 
R.V 14:459-179). pepUdes. retro-inverso peptides, polymers of a-, B-. or <^ 
^ acids (D- or L-). et^yntes. et^ynte substrates, cofactors. drugs, lectu.. 
sugan>. t».cleic acids (both linear and cyclic polymer configurattons). 
ol^osaccharid^. proteins, phospholipids and antibodies. Symhetic polymers such 
as he^ropolymers in which a Itnown dn,g is coyalently bound to any of the above, 
such as polyurethanes. polyesters, polycarbonates, polyureas. polyamtdes. 
polyethyleneimines. polyarylene sulfides, polysilo>tanes. polyimtdes. and 
polyacetates are also assayed. Other polymets are aUo assayed using the systems 
described heretn. as would be apparent to one of skUl upon review of ^ 
disclosure. One of skiU will be generaUy familiar with the biological literamre. 
For a general introduction to biological sys»=ms. sec. Berger and Kimntel, OuUie ,0 
Molecular Clonin, TecHni^es. MelHod. in En^moU,l, volume 152 AcademK: 
Press inc.. San Diego. CA (Berger): Sambrook « al. (1989) MoUcular Clonic - A 
Ut^rawry Manual (2nd ed.) Vol. 1-3. Cold Spring Harbor Uboratoty, CoW 
spring Harbor Press. NY, (SambrooB: Currem Proiocols in MolecuUu- Biology. 
F M Ausubel e, al.. eds.. Current Protocols, a joint venntre between Greene 
Publishing Assocates. Inc. and John Wiley & Sons. Inc.. (through 1997 
supplement) (Ausubel); Watson e, ai. (1987) f inl.n.h r B-oW of rt« Une^ 
E,,„tmiim B«.iamin/Cumm.ngs Publishmg Co.. Menlo Park. CA: Watson 
« al (1992) Recombinant DNA Second Edition Scientific American Books. NY; 

Alberts « al. (1989) M-|-"ll r "f '"^ '■'^"'^ 

Publishing. NY: Pattison (1994, rrinHpIn ^nd Frj^^Oce of ninT^l Virolo.V . 

Dantell « a,.. (1990) H cm pinion ^^."1^ edition. Scientific American 

Books. W.H. Freeman and Company: Berkow (ed.) Til- M'rrV Manual of 
r.:, ,^. -n^ranv . Merck ^ Co.. Rahway. NJ: H^m^on^ Prin..p|es of 

TOneenth Edition. Isselbacher e, al. (eds>. <1994> Uw,n Q^. 
5U, Ed., oxford university Press .1994,: The -Pracical Approach ' Ser,es of Books 

- „,4c , Kv. IRT Press at Oxford University Press. N'i ; 
(Rickwood and Homes tsenes eds.» by IRL Press 

. r \^^^»,T,ir Pre<;<; NY Product information 
The "FacisBook Series" of books from Academic Press. . . i r 
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from manufacturers of biological reagents and experimental equipment also prov.de 
information useful in assaying biological systems. Such manufacmrers include. 
, g the SIGMA chemical company (Saim Louis. MO). R&D systems 
(Mimieapolis, MN). Pharmacia LKB Biotechnology (Piscataway. NJ). CLONTECH 
Laboratories, Inc. (Palo Alto. CA), Chem Genes Corp.. Aldrich Chemical 
Company (Milwaukee, WI), Glen Research. Inc.. GIBCO BRL Life Technologies, 
Inc (Gaithersberg. MD). Fluka Chemica-Biochemika Analytika (Fluka Chem.e AG, 
Buchs, Switzerland), Invitrogen, San Diego. CA. and Applied Biosystems (Foster 
City CA), as well as many other commercial sources known to one of skill. 

In order to provide methods and devices for screening compounds for 
effects on biochemical systems, the present invention generally incorporates model 
in vitro systems which mimic a given biochemical system in vivo for which effector 
compounds are desired. Tlxe range of systems against which compounds can be 
screened and for which effector compounds are desired, is extensive. For example, 
compounds are optionally screened for effects in blocking, slowing or otherwise 
inhibiting key events associated with biochemical systems whose effect is 
undesirable. For example, test compounds are optionally screened for their ability 
to block systems that are responsible, at least in part, for the onset of disease or for 
the occurrence of particular symptoms of diseases, including, e.g.. hereditary 
diseases, cancer, bacterial or viral infections and the like. Compounds which show 
promising results m diese screemng assay methods can then be subjected to further 
testing to identify effective pharmacological agents for the treamiem of disease or 

symptoms of. a disease. 

Alternatively, compounds can be screened for their ability to 
stimulate, enhance or otherwise induce b.ochem.cal systems whose function is 
believed to be desirable, e.g., to remedy existing deficiencies m a patiem. 

Once a model system is selected, batteries of test compounds can then 
be applied aeainst these model systems. By .dent:fymg those test compounds that 
have an effect on the particular biochemical system, m vnro, one can idemify 
potential effectors of that system, in vivo. 

In their simplest forms, the biochemical system models employed in 
Oic methods and apparamses of the present mvemion wUl screen tor an effect o. a 
test compound on an imeracnon between two components o. a b.ochem.cal system. 
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e g receptor-Ugand imeracrion. en^me-subs^e .meracfon. and *e like. In this 
fonn the biochemical sysiem model will typically include the two notmally 
interacting components of the system for which an effector is sought, e.g.. the 
receptor and its ligand or the enzyme and its substrate. 

Detennining whether a test compound has an effect on this interaction 
then involves co««:ting the system wid. the test compound and assayng for the 
tactioning of the system, e.g.. recq.tor-ligand binding or substrate mtnover. The 
assayed f».nction is then compared to a comrol. e.g.. d« sante reaction m the 
abs^ce of the test compound or in U« presence of a known effector. Typically, 
such assays involve Ute measurement of a parameter of the biochemical system By 
■parameter of the biochemical sy«em- is meant some measurable evidence of Ute 
system's functioning, e.g., the ptesence or absence of a label«l group or a change 
in molecuur weight (e.g.. in binding reactions, transpon screens), the presence or 
absence of a reaction product or subarate (in substrate nmK>ver measurements), or 
^ alteration in electrophoretic mobility (typicaUy detec«d by a change in eluuon 

time of a labeled compound). 

Although described in terms of two^omponent biochemical systems, 
the methods and apparatuses may also be used to screen for effectors of much more 
complex systems, where the result or end product of the system is known and 
assayable at some level, e.g.. enzymat.c pathways, cell signaling pathways and the 
like Alternatively, the methods and apparamses described herein are optionally 
used to screen for compounds that interact wich a single componem of a b»ocher...-al 
system e.g.. compounds that specifically bind to a particular biochemical 
compound, e.g., a receptor, ligand, enzyme, nucleic acid, strucmral 

'>5 macromolecule. etc. 

Biochemical svstem models may also be embodied m whole cell 
systems. For example, where one is seeking to screen test compounds for an effect 
on a cellular response, whole cells are optionally utilized. Mod.f.ed cell systems 
„,av also be employed in the screening systems encompassed here.n. For example. 
Chimeric reporter systems are optionally employed as indicators ot an effect of a test 
compound on a panicular biochemical system. Chimeric reponer systems typtcally 
.ncorporate a heterogenous reponer system integrated into a signaling pathway 
which s.enals the binding of a receptor to us heand. For example a receptor .s 
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.0 a hc«ro.ogous pro„in. e.g.. ^ cra,^ »Kose aciv.w U readily assayable. 
AcUva.,o„ of U« receptor by Uga-d binding Uk„ ac.iva.es .he hcerologous pro.=,r, 
which .hen allows for de«cuon. Thus. *e surrogare r^orrer sys.en, produces an 
.v«.. or signal which is readily de^cable. U«reby providing an assay for 
^p.or/ligand binding. Exan.p.es of such chhneric reporrer sys«n,s have been 

previously described in die art. 

Addidonallv. where one is screening for bioava.lab,l..y. e.g.. 
biological barriers are opUona.., included, m «m, -biological barriers" 
generally refers .o cellular or membranous layers widun biological sys.cms. or 
Ucic models U,e«of. Examples of such biological barriers include «,e ep,d,elul 
and endoAelial layers, e.g. vascular endoU«lia and dK like. 

Biological responses are often .riggered and/or conroUed by d« 
binding of a receptor .o iu l.gand. For exampte. in.erac.ion of growth faoors. ■ e. 

FOF PDOF, etc.. with their rec^tors s«mula«s a wide varie.y of b,o.og.ca. 
^nses h^luding. e.g.. cell proliferarion and differenUation. acivauon of 
..ediaUng enzymes. s.imula,ion of messenger mmover. al««uons in .on fluxes. 
.cUva.ion of enzymes, changes .n cell shape and O-e al.era,ion in geneuc e„n 
levels. Accordingly, control of d,e infraction of U,e recep.or and tts l«a„d may 
offer comrol of U« biological responses caused by .ha. in«rac..on. 

Accordingly, in one aspec.. .he presem invemioo will be useful m 
screening for compounds ^ affect a. interaction between a receptor mol^^ an^ 
its ligands. AS used herein. d,e term -receptor- generally refers .o one member of 
71 of compou™^ Which specir.ca.ly recognize and bind to each od,er. The o^r 
mLber of *e pair is termed a "Ug^Ki.- Thus, a receptor/Ugand pa,r may tnclu.^ 
a typical proicin recepror. usually membrane associared. and i.s namra Ugand. e.g.. 
anod«r prorein or small molecule. Receptor/ligand pairs may also .nclude 
antibodv/antigen binding pairs. complemen..y nucleic acids. nucle,c ac.d 
associa tag proreins and *eir nucleic acid ligands. A large number ^P^- 
Icia. Lochemical compounds are well ^wn in ^ an and can be uultzed ,„ 

.e ^-^2..^ „^ „ , . _ 
,„,„ac,.on have mvolved .ncuba.ing a recep.otmga„d b,nd,„g pa.r ,n ,he presence 
of a .cs, compound. The leve, of b.nding of U,e recep.or.- n^and pa.r ,s d,en 
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compar«l .o «ga<ivc and/or posirive co.>rols. Wnere a decrease in nonn^U binding 
is seen U» KS. compound is dcKnnined .o be an inhibuor of the receptor/ligand 
binding. Wl«re an increase in that binding is seen, che <es, compound .s 
.te,enM«d to be an enhancer or inducer of the interaction. 

In UK interest of efficiency, screening assays have typically been set 
up in multiwell reaaion plates, e.g., multi-well microplates. which allow for the 
simul.an«.us, paraUel screening of large numben of test compounds. 

A similar, and perhaps overlapping, set of biochemical systems 
i«,„des the interactions betwe«, enzymes ^ their substrates. Tbe t«m "enzyme- 
as used herem, generally refers to a protein which acts as a catalyst to mduce a 
chemical change in other compounds or "subslrates.- 

Typically. effectors of an enzyme's activity toward its substnue are 
screened by conucting the enzyme wim a subs.r«e in the presence a»i alienee of 
a« compound to be screened and under conditions optimal for detecting changes m 
enzyme s activity. After a set time for reaction, the mixmre U assayed for <h= 
^ of reaction products or a decrease in the «nou„ o, substrate. The amount 
of substrate that has been catalyzed is them compar«l to a control. i.e.. etuyme 
eo^^red wiU, sutetrate in the absence of test compound or presence of a known 
effector AS above, a compound that reduces the enzymes activity toward .ts 
substrate is termed an -inhibitor." whereas a compoutul U«t accemuates that acnvtty 

is termed an "inducer." 

Generally, the various screening methods encompassed by the present 

invemion involve the serial introduction of a plurality of test compounds into a 
microfluidic device. Once mjected into the device, the test compound is screened 
for effect on a biological sySKm using a contimtous serial or parallel assay 
oriematton. ^ ^^^^ ^^^^^ ^ 

compounds U«t are to be screened for their ability to affect a particular b.ochenucal 
system Test compounds may include a wide variety of different compounds, 
includmc chemical compounds, mixmres of chemical compounds, e.g.. 
polvsacc'harides. small organic or .norganic molecules, biologtca, macromolecules 
e e peptides, proteins, nucleic acids, or an extract made from biologtcal materials 
such a. bacena. plants, tungi. or ammal cells or tissues, namrally occurring or 
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symtaUc composUiom. Depeading upon 1,= panicular cmbodim™. being pncuced. 
^ compounds arc provided, e.g.. injeced, free in so.uUon, or are opuonal y 
atuched .o a carrier, or a solid supporr. e.g.. beads. A number of suiuble sp hd 
support are employed for immobilizauon of .he ,es, compounds. Examples of 
suiuble solid suppons i»:lude agar.^, cellulose. dex>rao (conunercially ava,l.bl= 
as ie s«.h«iex. Sepharose) carboxymeUiyl cellulose, polyswrene, polyethylene 
gWcoHPEG). faier paper. nim«:ellulose. ion exchange resins, plastic nims. glass 
beads, poiyaminemed-ylvinylefter maleic acid copolymer, amino acid copolymer, 
edtylene-maleic acid copolymer, nylon, silk. e.. Additionally, for the methods and 
apparamses described herein, test comp«»ls are screened individually, or m 
groups. Group screening is panicularly usefi^l where hit rates for effective test 
compounds are expected to be low such that one would no, expect more than one 
positive result for a given group. Alternatively, such group screening is used where 
the effects of different .est compounds are differenaally de««ed in a single system. 
e.g.. through e.ec«ophor«ic separaUon of me effect, or diff^remial labelling whrch 

enables separate detection. 

Tes. compounds are commercially available, or derived from any of a 

varieo- of biological sources apparent .0 one of skill and as described, supra. In 

one aspec.. a tissue homogenate or blood sample from a paUen, is tested m the 

assay sys.«ns of the invention. For ex«np.e. in one aspect, blood » .ested for the 

presence or ac.ivi.y of a biologically relevam molecule. For example, me pr^^ 

and ac.ivi.y level of an enzyme are deleted by supplymg and enzyme subs»ate to 

me biological sample and detecting the formauon of a produc. using an assay 

systems of U« invemion. Similarly. U,e presence of infectious pamogens (v,n.es. 

haoeria. fungi, or the like) or cancerous mmors can be «s.ed by monitoring 

hinding of a labeled ligand to d,e pamogen or tumor cells, or a componem of me 

pathogen or mmor such as a protein, cell membrane, cell extract or the l.ke. or 

al„™.,vely, by monitoring the presence of an antibody agains, the pati^ogen or 

n^or in me patiem s blood. For example, the binding of an antibody frotn a 

patiem s blood to a viral protein such as an HIV prote.n ,s a common tes, for 

™oni.orin= patient exposure to me vints. Many assays for detecung pa.hocen 

infection are well known, and are adapled to .he assay systems ot the presem 
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Biological samples are derived from patiems using well known 
,^,„es such as venipuncmre or .issue b.opsy. Where the biological ™«ria. .s 
derived fron. non-human animals, such as corrunercially relevant llvesloclc. blood 
and tissue samples arc conv««enUyobuuned from l.ves,ocR processing planis^ 

:^„.rl,. p J ma^nal used in assays of the invention are conventenf y denved 
from .griculn^al or horticulmral sources. Al«ma.ive,y. a biological sample can be 
from a cel. or blood bank where tissue and/or blood are stored, or from an ,„ ..,ro 
^ such as a culu« of cells. Techniques and methods for establtslung a culmre 
Of cells for use as a source for biological materials are well known to those of sk.1 

inUtean. Freshney I „ H,n.nl of Pm T^DmW. TH-ri 

^ Wiley- Liss, New York (1994) provides a general introduction to cell 
culture. 

II Aggav Systems 

AS described above, the screening methods of the presem mvenuon 
are generally carried out in microfluidic devices or -microlabon.«>n, systems." 
which allow for integration of the elements r«,uired for performing the assay, 
automation, and minimal environmental effecu> on the assay system e.g.. 
evaporation, contamination, human error, or the like. A number of devces for 
^ing out d» assay methods of the invention are described in substamta deutl 
below However, it will be recognized dtat the speciftc conftguraaon of these 
devices Will generally vary depending upon the type of assay and/or assay 
orientation desired. For example, .n some embodiments, me screemng methods of 
Ute invention can be carried out using a micronuidic device having """^^ 
.^,s. For more complex assays or assay or.enta.ions. multichan«l/.n.ersec.ion 
devices are optionally employed. TTte small scale. ,n.egratability and self-co,«a.ned 
namre of these devices allows for virmally any assay oriemation to be reahzed 
within the context of the microlaboratoiy system. 
A Electrokinetic Material Transport 

m preferred aspects, the devices, methods and systems described 
herein, emplov electrokinetic matenal transport systems, and preferably, controlled 
electrokinenc materia, transport systems. As used herein, •electrokmet.c mater.al 
.ranspori svstems- ,nc,udc systems which transport and ...-cct matcr.als «„h.„ an 
interconnected channel and,o, chamber conta.n.ng ,tn,ctu,e. through U,e appi.cat.on 
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of elecmcal Helds to Uk matemls. .hereby causing material movemen, through and 
among ,he channel and/or chambers, i.e.. eaUons will move .oward U« negan.e 
elecmJde. while anions will move toward the positive electrode. 

Such electrokineUc material transport and direction systems mclude 
U,ose systems that rely upon d« electrophoretic mobility of charged species within 
the electric field applied to the strucmre. Such systems are more particularly 
refened to as electrophoretic material transpon systems. Other electroki.«tic 
material direcnon and transport systems rely upon the electroosmotic flow of fluid 
and material within a channel or chamber strucmre which results from the 
application of an electric field across such stn«.ures. In brief, when a fluid u 
placed into a channel which has a surface bearing charged hmctional groups, e.g.. 
hydroxyl groups tn etched glass cham»=ls or glass microcapUlaries. those groups can 
iomze In the case of hydroxyl functional groups, this ionization, e.g.. at neutral 
pH results in the release of protons from the surface and into the fluid, cteating a 
co«»=ntration of protons at near the fluid/surface interface, or a positively charged 
sheath surrounding the bulk fluid in the channel. Application of a voluge gradient 
across the length of the channel, will cause the proton sheath, as well as the fluid ,t 
surrounds, to move in the direction of ti>e voltage drop. i.e.. toward the negame 
electrode. 

■Controlled electrokinetic material transport and direction, as used 
herein, refers to electrolcinetic systems as described above, which employ active 
control of the voltages applied a. multiple. ..e.. more than two. electrodes. 
Rephrased, such controlled electrolcinetic systems concomitantly regulate voltage 
gradients applied across at least two intersecting channels. Controlled electro.met,c 
Lrial transport is described in Published PCT Appiicat.on No. WO 96/04547. to 
Ramsey, which is incorporated herein by reference in its enttrety for all purposes. 
,n particular, the preferred microfluidic devices and systems described herem^ 
include a bodv strucmre which includes a. least two tntersecnng channels or flu.d 
conduits, e.g.'. intetconnected. enclosed chambers, which channels include a, least 
three uninterseced temiini. The intersection of two channels refers ,o a pom, a, 
which iwo or more channels are in fluid communicaiion with each other, and 
encompasses T" iniersecions. cross intersections, ' >vagon whee,- imerseciions o, 
,„u,„p,e Channels, or anv oUler channel .comeir.- where two or more chanr^ls arc 
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in such fluid communication. An unintersected terminus of a clunnel is a pomt at 
which a channel terminates not as a result of that cham^el s intersection with another 
chamiel. e.g.. a "T" intersection. In preferred aspects, the devices will include at 
least three intersecting chamiels having at least four unintersected termini. In a 
basic cross channel structure, where a single horizontal channel is intersected and 
crossed by a single vertical channel, controlled electrokinetic material transport 
operates to c.ntrollably direct material flow through the intersection, by provtdmg 
constraining flows from the other cham«ls at the imersection. For example, 
assuming one was desirous of transporting a ftrst material through the horizonul 
chamiel. e.g.. from left to right, across the imersection with the vertical cham«l. 
Simple electrokinetic material flow of this material across the intersection could be 
accomplished by applying a voltage gradient across the length of the horizontal 
cham^el. i.e.. applying a first voltage to the left terminus of this chamiel. and a 
second, lower voluge to the right terminus of this cham^el, or by allowing the nght 
terminus to float (applying no voltage). However, this type of material flow 
through the intersection would result in a substantial amount of diffusion at the 
imersection, resulting from both the namral diffusive properties of the material 
being transported in the medium used, as well as convective effects at the 

intersection. ... 

In controlled electrokinetic material transport, the material being 

transpoited across the intersection is constrained by low level flow from tiie side 
Channels, e.g., the top and bonom channels. This is accomplished by applying a 
slight voltage gradiem along the path of material flow. e.g.. from the top or bottom 
termini of the vertical channel, toward the right terminus. The result is a 
"pinching- of the material flow at the intersection, which prevents the diffusion of 
the material into the vertical chamiel. The pinched volume of material at the 
intersection may then be injected into the vertical chamiel by applying a voltage 
gradient across the lengtii of the vertical chamiel. i.e.. from the top terminus to the 
bottom tertninus. In order to avoid any bleeding over of material from the 
horizonul channel during this injection, a low level of flow is directed back mto 
the side Channels, resulting in a -pull back" of the material from the intersection. 

In addition to pinched injection schemes, controlled electrokmeuc 
maienal transport is readily utilized to create virtual valves which .nclude no 
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mechanical or moving parts. Specifically, with reference to the cross intersection 
described above, flow of material from one channel segment to another, e.g.. the 
left arm to the right arm of the horizontal channel, can be efficiently regulated, 
stopped and reinitiated, by a controlled flow from the venical channel, e.g., from 
the bottom arm to the top arm of the vertical channel. Specifically, in the 'off 
mode, the material is transponed from the left arm. through the intersection and 
into the top arm by applying a voltage gradient across the left and top termini. A 
constraining flow is directed from the bottom arm to the top arm by applying a 
similar voltage gradient along this path (from the bottom terminus to the top 
terminus). Metered amounts of material are then dispensed from the left arm into 
the right arm of the horizontal chamiel by switching the applied voltage gradient 
from left to top, to left to right. The amount of time and the voltage gradiem 
applied dictates the amount of material that will be dispensed in this manner. 
Although described for the purposes of illustration with respect to a four way. cross 
intersection, these controlled electrokinetic material transpon systems can be readily 
adapted for more complex intercomiected channel networks, e.g., arrays of 
interconnected parallel channels. 

B. rnntinuous Plow Assav Svstems 

In one preferred aspect, the methods and apparanises of the invention 
are used in screening test compounds using a continuous flow assay system. 
Generally, the continuous flow assay system can be readily used in screening for 
inhibitors or inducers of enzymatic activity, or for agonists or antagonists of 
receptor-ligand binding. In brief, the continuous flow assay system involves the 
continuous flow of the particular biochemical system along a microfabricated 
channel As used herein, the term ••continuous" generally refers to an unbroken or 
contiguous stream of the particular composition that is being continuously flowed. 
For example, a continuous flow may include a constant fluid flow havmg a set 
velocity, or alternatively, a fluid flow which includes pauses in the flow rate of the 
overall system, such that the pause does not other^v.se interrupt the flow stream. 
The functionine of the system is indicated by the production of a detectable event or 
sisnal. In one preferred embodiment, such detectable signals include opt.cally 
detectable chromophoric or fluorescent signals that are associated wuh the 
mnctionina of the panicular model system used. For enzyme systems, such s.enal.. 
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«U1 gencnUy be produced by products of *e enzyme s calyic acuon. e.g.. on a 
chromogenic or Huorogenic subs,r.«. For binding sys«m.. e.g.. receptor l.gand 
iwcracdons. signaU will rypicaUy involve the association of a labeled lig««l wth 

the receptor, or vice versa. 

A wide variety of other detectable signals and labels can also be used 
in .he assays and app.r«uses of .he invention. In addition to the chromogenic and 
n„o,og«ic labels described above, radioacdv. decay, electron density, changes m 
pH, solvent viscosity, tempetantre «.d salt concentration are also conveniently 
measured. 

More generally, labels are commonly detectable by spectroscopic, 
photochemical, biochemical, immu,»chemical, or chemical means. For example, 
useful nucleic acid labels include 32P. 35S. fluorescent dyes, etotronKiense 
reagents, enzymes (e..., as c^monly used in an EUSA), biotin. dioxigenin, or 
haptens and proteins for which anrisera or monoclonal antibodies are avaUable. A 
wide variety of labels suitable for labeltag biological componems are Icnown and are 
™„„ed extensively in bod. U,e scientific and patent literamre, and are generally 
applicable to the present invention for the labeling of biological component. 
Suiuble labeu include radionudeotides, enzymes, sutetrates, cofactors, .nhtbttors. 
fluoteseent moieties, chemiluminescen, moieties, magnetic particles, and the like, 
Ubeltog agents optionally .nclude ..j., monoclonal antibodies, polyclonal 
antibodies, proteins, or other polymers such as affinity matrices, carbohydrates or 
lipids. Detection proceeds by any of a variety of known methods, tncludtng 
speetrophotometric or optical tracking of radioactive or fluorescem markers, or 
outer methods which track a molecule based upon size, charge or affmtty. A 
detectable moiety can be of any materia, having a detectable physical or chetntcal 
property. Such detectable labels have been welUdeveloped ,n ,h. field of gel 
electrophoresis, column chromatograpy. solid substrates, spectroscopic tecmuques, 
^ the like, and in general, labels usehtl in such methods can be apphed to the 
present invention. Thus, a label is any composition detectable by spectroscopic , 
photochemical, biochemical, immunochemical, electncal, optical ihennal. or 
Chemical means. Useh.1 labels in the present invention include nuoresccm dyes 
„ , nuorescein isothiocyanate. Texas red. rhodam.ne. and the U.e,. rad.o.abels 
, ■ m r.5I. 35S. UC. or 33P>. enzymes UcZ. C..T. horse rad.sh 
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pe^xioasc, aUcali* phosphaus. and omen, con^only used as ae«c.b>e „. 
L^cr as marker produ«s or as in an EUSA>. nuOeic acid imercaiators ie.s- 

.r»™.d.> and coiorin^rric .ab,.s such as coiioida, .oid or colored ,>ass or 

Dlasdc (e.g. polysty.««. polypropylene, latex. «c.) beads. 

' HuorescenrUbels are particularly preferred labels. Preferred labels 

are typically characterized by one or more of the following: high sensitivity, high 
"Ji^. low background, low environmental sensitivity and high spectftcty ,n 

Fluorescent moieties, which are i.«orpora,ed into the labels of the 

invention, are generally are laK>w„. including 1- a^ 2.amino„aphtha.e,K, p.p'- 

diaminostilbenes. py-enes. quaternary phenanthridi.^ saUs. 

^..diaminobenzophenone imines. anthracenes, oxacarbocyanane. merocyamne. 

S-aminoequilenin. perylene. «.-benzoxazole. W.-p^xazolyl benzene 

Ilz^phenazin. retinol. .,>3.aminopyridiniun, salts, hellebrtgemn. «.racyc,me. 
3:.^henol. benzimidazolylphenylamine. 2-oxo-3-chron.en. i«.ole xanthen. 
7.hyd«,xycoumarin. phenoxazine. calicyiate. strophanthidin, porphyrms. 
rtrylmethanes and flavin. Individual fluorescent compounds whtch have 
Z^lities for linking to an element desirably detected in an apparatus or assay 
Tu;: invenaon. or which can be modifled to incorporate such fu,«..onaln.es 
include es dansyl chloride; fluoresceins such as 

r^Iydrl^^pLyixanthhydro. rhodamineisotbiocyanate: N-phenyl l-amtno-S- 
s^lfotutonaphthalene; N-phenyl 2-amino-6-sulfona,onapbmalene; 
4-acetamido^-isothiocyanato.stilbet«-2.2'^isu,fon.c acd; pyrene-S-sulfomc actd, 
2-toluidinonaphthalene-6-sulfonate: N-phenyl-N-medtyl- 
2-aminoaphdulene.6.sulfonate: ethidium bromide: stebnne: 

™ 0 2 (9'-anthroyl)paUnitate; dansyl phosphatidylethanolamine. 

auromme-0.2-(9 anthroy )p oxacarbocvanine; merocyanine. 

.....dioctadecyl 12-,..and.oy,)stearate.. 

:r~:r~ltn: 2\-<vinyle...^^^^^^^^^^^^ 
„ : " ".S-phenyl-oxazolyl^benzene.. e-dimetbylamtno-l .Z-benzopKenaz.n 

° :,:-.am.nopyrid,nium, ...0-decandiy, di.odide. sulfonaphthylhydrazone of 

hdlibriemn: chlorotciracyclinc. 

, ^« d meihvl-^-oxo-3-chromenylimaleimide: N-(p-(-- 
N-(7-dimeihylamino-4-nieUi\i . oxu 
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fc.„zimid.»lyl)-ph«vl)n.al.im,de; N-(4-nuoran*yl)maleim.de; bisChomo^niUic 
Kid)- r««arin; 4^h.oro-7-ai.ro-2.1.3- benzoox.dia.ole: merocyamne 540; 
„son.fm; bengal; and 2.4^iphe„yl-3(2H)-ft.ra„o„e. Many fluorescent .ags are 
conunereial., available from SIGMA chemical company (Sain. I^ms. MO). 
Molecutar Probes. R&D sys»« (Minneapolis. MN). PharmacU LKB 

Biocechnology (Piscaoway, NI>. CLONTECH Uboratories, Inc. (Palo Alto, CA) 
oJcr,.. Aldricb Cnemica. Company (Milwau.ee. W). Glen Resea,.!,. 

inc GIBCO BRL Life Technologies. Inc. (Gairtersberg. MD>. Fluka Chem-ca- 

Bio^hemilca Analyika (Flulca Chemie AG. Bucbs. Swiaerta»i). and Applied 

„rrin, CA) as well as olher commercial sources known to one of 

Blosystems (Foster City. CA) as wen « 

skill 

Desirably, nuorescent labels absorb light above about 300 nm. 
preferably about 350 nm, and more preferably above about 400 «n. usually 
emitting at wavelengths greater d»n about 10 nm higher ^ the wavelengd. of the 
light absorbed. It should be noted that .he absotpUon and emission charac.er.sacs 
of ate bound label may differ from ^ u.b«.«l label. Therefore, when refemng «. 
Ut. various wavelength ranges and characterisUcs of the iabeU. it U imend«l to 
■^ic^ d« labels as employed and not the label which is u»»ni«gated and 

characBrized in an arbittary solvent. . ^ , . .„ 

Huorescen. labels are one preferred class of detectable labels, .n par. 

because by irtadiaring a fluorescem label wid, light, one can obtain a plmahty of 
^ons. Thus, a single label can provide for a plurality of measurable events. 
Detectable signal may also be provided by chemiluminescent and biolum.nesce« 
sources. Chemiluminescen. sources include a compound which becomes 
elecronicallv exci«d by a chemical reacion and may .hen emit Ugh, which serves 
as to de«cable signal or dona.es energy to a fluorescem acceptor A d.verse 
.^hcr of families of compounds have been found to provde chemiluminescence 
under a variety or condidons. One family of compounds is 2.3-d*ydro-l .4-- 
phthalazinedione. The mos, popular compound is luminol. which is a 5-am,no 
Impound. Otor members of 0,= family it^lude .he 5-amino-6.7.8.,run=thoxy. and 
the dimethylaminolcalbenz analog. These compounds can be made to lum.nesce 
w,U, alkaline hvdrocen peroxide or calcium hypochlorite and base. ..nother ,amd> 
of compounds is the 2.4.5..riphenyl,midazo,cs. with lophine as ,he common name 
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^ ^. • ^L.^Jno N-alkvl acridinum esters (basic H,Oj) ana 

^n,e or the like) according to methods well known m the 

(«.8.. strepuvdm) molecule whK:n 

^ .0 a signal sys.,n, as a a«^^ ^ ^ ^ 

coTOOl. .t can w u „mbtaation wUh an antibody. 

,.p„nlc or an.lg.nlc ^^^^ by 

Ubels can also b. con,uga«d d,rec.^>o s 8 ^ ^ 

pnmanly he ny ,^ ^^.^^^ases Fluorescent compounds mclude 

fluorescem and us derivatives, ru" 

«c Chcmiluminescent compounds include luclferin. and 

. „ himinol Means of detectmg labels are wen 
2 3-dihvdrophthala2inediones. e.g..lummol. m 

- f example, where the label is a 

T r :crd::.io"» — „ coun. o, pbo.g.pbic 

ra:rard:gU.Wbe.e..,a...sa^^^^^^^^^^ 

— - - rn:rcre:rmr:::..- ...c^n. 
:r:::r : rr:.- de.... ... . ... c.me.. .... 
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coupled devices (CCDs) or phoiomuUipliers and photombes. and the like. 
Fluorescent labels and detection techniques, panicularly microscopy and 
sp«:.roscopy are preferred. Similarly, enzymatic labels are detected by provKitng 
appropriate substrates for the enzyme and detecting the resulting reacUon product. 
Finally, simple colorimetric labels are often detected simply by observing the color 
associ^ed with the label. For example, conjugated gold often appears pink, whtle 
various conjugated beads appear the color of the bead. 

In preferred aspects, the continuous system generates a constant 
signal Which varies only when a test compou,.! is introduced that affects the system, 
specifically, as the system components How along the chamtel. they will produce a 
relatively constam signal level at a detecUon zone or window of the channel Test 
compounds are periodically introduced into the channel ^ mixed w,th the system 
components. Where those tes, compounds have an effect on the system, .t wll 
e««e a deviation from the constant signal level at the detecUon window. This 

deviation may then be correlansd to the panicular test compound screened. 

One embodiment of a device for use in a serial or contmuous assay 
geomen^ is shown in Figme I . As shown, the overall device 100 is fabricated in a 
planar substrate 102. Suitable substrau materials are generally selected based upon 
teir compatibility with the conditions presem in the particular operation to be 
performed bv the device. Such conditions can include extremes of pH. temperamre, 
saU concentration, and application of electrical fields. Additionally, substrate 
materiaU are also selected for their inermess to critical components of an analysts or 

synthesis to be cairied out by the device 

Examples of useful substrate ma«rials include, e.g.. gUss. <iuartz and 
silicon as well as polymeric substrates, e.g. plastics. In the ca« of conductive or 
s«ni-conductive substrates, it will generally be desirable to include an .nsulatmg 
layer on the substrate. This is panicularly unportam where the device incorporates 
electrical elements, e.g.. electrical mater.al and fluid direction s.vstems. sensors and 
^ like. In the case of polymeric substrates, the substrate materials are optionally 
rt.id. semi-ri.id. or non-rig.d. opaque. s=m-opaque or transparent, depending upot, 
me use for w'hich mey are intended. For example, dev.ces vh.ch .nclude an optical 
or v,sual detection elemem. will generally be iabrica.ed. a, leas, m pan. frotn 
rransparem materials io allow, o, a, least, .aclita.e .ha. de.ec„on. .Al.en,a.,vely. 
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^„„, of. e.g.. suss or quanz. arc op.iona>,y incorpo««. .n,o *e 

:Z for ^ ^es acecuon e.en.»<s. Ad^UonaUy. P"'>-™ — 
U«ar or brar^hed .aCbones. and are oprionaHy eross.„*e. r non- 
croLunkcd. Examples of par.icu.ar,y preferred polymeric m»er«.s .nclud^. e.g.. 
p:;t!r.y.«oxa„es (PDMS,. po,yure*an=. po,yv,„y,c.or.de (PVC) po,ys.rene. 

polysulfone, polycarbonate and the like. 

m device shown in Figure 1 includes a senes of channels 110. 112, 
and optional reagent channel 114. fahHcated into the sutface of the suhstrate. At 
least one of these channels will typically have very sn.all cross sec„onal 

in the ranee of from about 0. 1 fxm to about 500 nm. Preferably 

— ::;reiL of — - ^ >- - ~- ■ 

To abou< 200 a«. more preferably In the range of from abou, 0. i ,0 bouc .00 
T parrilrly prefe,«d aspec.. eacb of U,e cba„ne,s w>U >.ve a, eas. one 
c^ss-selna, dimension in d.e rang, of from abou. 0.1 .m to about 100 .m. 
cross sectional it will be appreciated that m order to 

Although generally shown as straight channels, it will oe PP 

.k™,.. .iMneraine. saw tooth or other channel 
maximize the use of space on a substrate, serpemine. 

reometries to incorporate effectively longer channels in shorter distat^es. 
' Manufacmring of these microscale elements into the surface of the 

substrates may generally be carried out by any number of microfabrication 
" s th t are well Known in the art. For example, lithographic techntques are 

employed in fabricatutg. e.g., glass. ,uartz or silicon substra„. usmg 
n^Ls well imown in the semiconductor manufacmring industries such as 
methods wen Alternatively, 
photolithographic etchmg. plasma etching o 

micromachining methods such as laser drilling, micromillmg a^^e hice 
optionally employed. — ■ - P.y^^^^^^^^^^^^^^ 

-':r::X::^ZZr.:::^Z numbers of subs..es are op.io.lly 
d srCI . tolLg s,amps to produce large sheets of microscale substra^s 
CTlr m— techniques where the substrate ,s polymerired within a 

■""""'"""vices will typically include an additiona, planar element which 

„„r,avs die channeled subsirate enclosing and nu,d,y ^ 

,0 to™ conduit.,. Anaching ihe planar cover elemen, ,s achieve, b, . 
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„«ns. including, =.g.. *.nna. bo,Kii«g. 3*esiv« or. i„ *e c»« of ccmm 
subscra^s. e g . glass, or sem.-rig.d ^ non-ngiO po>yn«ic subs.ra.«, a nan.ra 
adhesion b.,w«n a>e iwo component. The pianar cover Cemem nuy addmo^lly 
be provided wiO. access porrs and/or reservoirs for introducing .he various HuK. 
elemeius needed for a particular screen. 

The device shown in Figure 1 also mcludes reservoirs 104. 106 and 
,08 disposed ^idfluidlyconneced a. U-e ends of .he channels 110 and 114. As 
Shown, sample ch»««l m. is used .o inuoduce .he pluraliry of differem «st 
compounds in«> U« device. As such, .his channel will generally be nu,dly 
connec«d ,0 a source of large numbers of separate .es, compounds ta. w.ll be 
individually imrodu«d into the sample channel ,12 ^ -"sequently .nto channel 

The introduction of large numben. of individual, discrete volumes of 
test compounds into the sample is canied out by a number of meO-ods. For 
example, micropipettors are optionally used to introduce the test compounds ,n» t e 
m prefixed aspects, an eleoropipettor is us«i which is flutdly connec^d to 
sample channel 112. An example of such an elecropipenor is described m. e.g., 
US Paten. Applicado. serial No. 08/671.986. fled June 28, 1996 (Anomey 
Docke. NO 017646^500) the disclosure of which is hereby incorporated herem 
by reference in its entirety for all purposes. Generally, this electropipenor utttos 
electroosmotic nuid direction as described herein, to alternately sample a number of 
test compounds, or -subject materials.- and spacer compounds. The p.pet„r then 
aelivers individual, physically isolated sample or test compound volumes m subject 
material regions, in series, into the sample channel for subsequent manipulatton 
within the device. Individual samples a« typically separated by a spacer region of 
low ionic strength spacer nuid. THese iow ionic strength spacer regions have higher 
voltage drop over their length than do the higher ionic strength subject material or 
test compound regions. Oiereby dnving the eiectrolc.neuc pumping. On either side 
of Oie test compound or subject maienal region, which is typically in higher ionic 
strength solution, are nuid regions referred lo as frs, spacer regions .also referred 
.0 as"-euard bands-), that contact the imerface of the subjec, material regions, 
-mese nrs, spacer regions typically comprise a high lonic sircngd, solunon to 
prevent miera.ion of the sample elemenis in.o ihe lo.cr ,on,c strength Ouid regions. 
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„ ^ space, region, wh.n wouM resuU in 

such fint ani second spacer regions is .escribed m grearer d«a.. m U.S^Pa«nt 
Cucarion Serial No. 0S,67U9S6. faed iune 28. >996. (Anomey Docker No. 
017646^500) which is incorporaled herein by reference. 

Ahemauveiy, me sample channel U2 is oprionaUy ind,v.dua«y 
„„UJ,y connecred to a plurahry of separare reservoirs via separate channel. The 
ri -"Oirs each conuin a separa« res. compound wiih ~ 
belg provided for appropria^ spacer compou„is. The res. compounds ^or 
^rcompour^s are rh^. rransponed from .he various reservoirs m.o ,h= sam e 
Zeu Ig appropria^ ma»ria. d^rion schemes, .n eirher case. generai.y .s 
desirable ro separare .he discrere sample volumes, or rest compounds. w.m 
.pp^priare spacer regions^^ ^^^^ ^ ^ ^^^^ _ 

„«ch a Signal from .he biochemical s,s.«n is oprionall, monirore. Th. ^-on 

„l,do. rypically wiU include a — - '"r ^n-e.. 
observation and de«aion of tt« assay resulis. e.g.. observation 

Tp— .y aspects, monitoring of ^ slgr^ls at the 

detection window is achieved using an opUcal detection system. For example. 
1™ based Signals are typically monitored ustag. e.g.. iaser acttv^d 
fluorescence detection systems which employ a laser light source at an approprtate 
!:ri ngth for acnvating the nuorescent it^icator within the system. F uo~ 
r.h«. detected using an appropriate detector element, e.g.. a photomult plter n^ 
IZ. Similarly, for screens employing colorometric signals, spectrophot^- 
^ILn systems which direct a l.ght source a. the sample are opt.n..y ^. 

, ah^nrbance or transmissivity of the sample. 

P„..„g a m— ^^^^ — ^ 

.n.o« for detecting a particular characteristic of the system disposed 
~ n6. sU se.ors may .ndude .emperamre.ond.tivi,y. 

■ . u iom^ amperometric (for compounds that are oxidized or 
potentiometnc (pH. ions), amperomcir 

Luced e o O.. H.O.. I,, oxidizable/reducible organtc compounds, and the h.e,. 

in ope'ration. a nowable firs, component of a b,o,o„ca, system, e.g.. 
, nuid comprtstng a receptor or enzyme. ,s placed ,n reset... .04, Tbts fir. 
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compc^m is nowcO mrough mau, channel UO. pas. Uk ■.c«caonw«iow. lU. 
and .oward was« rcservo.r 108. A second componcn, of the biochemical sys«m. 
. c a li«nd or substrate, is concurrently Howed into the main channel 110 from 
U„ iide Channel 114. whereupon the first and second components mix and are able 
to interact. Deposition of these elements within the device is carried out m a 
^nber of ways. For example, the enzyme and substrate, or receptor and hgand 
«„„Uons can be introduced into the device through open or sealable access ports in 
^ planar cover. Al.emadv.ly. these components are opfonally added to dtetr 
^ive reservoirs during manufacture of the device. In the case of sttch pte- 
added components, it is desirable to provide these components in a subtltzed form 
to allow for prolonged shelMifc of the device. For example, the enzyme/substrate 
or receptor/ligand components are optionally provided within me dev.ce m 
,yophili«d form. Prior to use. .he« components are easily reconstimted by 
i^ucing a buffer sohtUon into the reservoirs. Alternatively, the components are 

• . w..^€^^r^a csiU^ whercbv simple water addition is all 
lyophilized with apptopnate buffermg salts, wnereoy y 

that is retniired for reconslitotion. 

As noted above, the interaction of the firs, and second componems ts 
rypically accompanied by a detectable signal. For example, in dtose embodimems 
Where the first componem is an enzyme and the second a substrate, the substr«e ,s 
a chromo^entc or fluorogenic substrate which produces an optically detectable stgnal 
when the enzvmc acts upon the substrate. I.; the case where the first component ts 
a receptor and the second is a ligand. either the ligand or the receptor opaonally 
includes a detectable s.gnal. In either event, the mixmre and flow rate of 
compounds will typically remain constant such that the flow of the mixmre of *e 
f„t and second components past the detectton window 116 will produce a steady- 
state signal. By "steady state signal" is generally meant a signal that has a tegular, 
predictable signal intensity profile. As such, the steady-state s.gnal may tncWe 
Signals having a consum signal tntenstty. or altemat.vely. a s.gnal with a res^lar 
periodic intensity, against which variations ,n the normal signal profile is measured 
This laaer si.nal is generated in cases where fiuid flow .s pettodtcally interrupted 
for e E loJdin. additional test compounds, as descnbed m U>e descr,p„on of Ute 
continuous now'systems. Although U,e s.cna, produced m the above-.escr.bed 
e„z>matic svstcm wUl vary along the lencth of the channel, . c . mceas.nc w,th 
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^ of exp<«ur. « me c.^™ conven. *e fluorogenic subs^e » U« fluo^cem 

„^ i^o ,^ n„U, C^nnc, 110 a.^ in,o .he strean. of f«s. a«i s««^ 
™" compound, also referred to as the 

»«.ntc a<! fluid regions containing the test compuui 

rr^^^Z - Wnere a»se .e. compounds have an eff^. on U» 

' Tt^rand second e>«nenu. U wm produce a deviation in U« .i^. 
r::°:r^or»U.o« co^nd.. .o .e n«.eHa> «,ion. M 

,^.y U,e various different «st compounds <o be injec«d .hrou.h 

to 0.0S. emhodiments where elecuoosmouc fluid direcnon systems are 
T ed mtTpacer fluid regions ma, aUo funcuon .o reduce any elecrrophoreuc 
employed, the spacer 1.U s The use of these spacer regions to drive 

„ bias that can occur within the test sample. The use ot tnes p 

[5 oiasuMi.. ,, „ i„ ,h. oeni-tal eUinuution of 

K 110 will oroduce a constant fluorescent 
nuorogenic suhstrate through mam "^^^^ J ^ 

. r::: ::r:r: a"*, m.^. region. ...^ . 

. Sn^ hut detechle drop m .e level 

:rr :;:r - ^ — 

then he "-'^^ ""J J^^,^^, ,,,„i,ed for an injected compound to 

,0 detection ■-"f'-; „3ing positive controls, 

.^uce an o-^- ^ , ^ ..eady state 

" slenal may also he observed. SpccHcally. the recep^t and ^orescent Ugand 

be made to have different Ho. rates or. in 

accompltshed by .ncorporattng s,ze exclus.on mat„cc. v.„h,n 
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^ c«. of elactroosmouc m=*ods. al«ring U.e reUuve .l«t™phor.,ic mobUi^, of 
U„ two compounds so mat th= rec=p.or flows more rapidly do™ the channel. 
Again .his is accomplished duough d,e use of size exclusion mamces. or tough 
a,e usl of differem surface charges in <he cham«l which will result in differenttal 
now rates of charge-varied compounds. Where a test compound binds to the 
^„r. it will result in a dark pulse in the fluorescem signal followed by a 
brighter pulse. Without being bound to a particular theory of operaUon. u » 
bdi.v«. that the steely state signal is a result of both free fluorescent ligand and 
fl«,rescen. ligand bound to the receptor. The bound l.gand is traveling a, the^ 
flow rate as the receptor while d« unbound ligand is traveling more slowly. Where 

test compound inhibits me receptcr-lig^td interaction, the receptor will not 
•bring along- the fluorescent ligand. thereby dUuting the fluorescem ligand m the 
direction of flow, and leaving «. excess of free fluorescem ligand behtnd. Th,s 
resaits in a temporary .edu«ion in the steady-state signal, followed by a temporary 
in fluorescence. Altemanvely. schemes simUar to mose employed for the 
enzymatic system is employed, where there is a signal that reflects .he interacuon of 
0,. receptor with its iigand. For example. pH indica«,rs which .nd.ca« pH e«ects 
of receptor-lieand binding U incorporated into the device aiong with the btochemtcal 
system. i.e.. in the form of encapsulated cells, whereby slight pH '^ '^^ 
L bindinc can be detected. See Weaver, e. al., fim^gX (.988) 6 '<«^ 
,089 Addi't,on.Uy. one can monitor activation of enzymes resulting trom receptor 
U„nd bindin.. e.g.. activation of icinases. or d«ec. conformational changes m such 
eiizymes upo^ activation, e.g. , through .ncorporation of a fluorophore whtch ts 
activated or quenched by the confonnational change to the enzyme "Po-— 
Flowin. and ditection of fluids within the microscale flutdtc devtces 
is carried om bv a variety of methods. For example, the devices may include 
::„ated mtcrofluidic strucmres. such as micropumps and microvalves. or exte^al 
elements, e.g.. pumps and switching valves, for the pump.ng and "—-J * 
various fluids through the device. Examples of microfluidic ~ 
in e g L-.S. Patem Nos. 5,271.724. 5,277.556, 5,n,,132, and 5.375,979. See 
.ISO.' published U.K. Patem Applicatton No. 2 248 891 and Pubhshed European 
Patent Application No. 568 902. 



wo 98/00231 



PCT/US97/10894 



29 



) 



Although micrcfabricated nuid pump^g and valving systems are 
^Uy employed in .he devices of the invent,o„, the cos. a.d compiexity .ssocU«d 
wiU, their m^iufacmre a«l operaaon can generally prohibit their us. tn ,«ss. 
produced disposable devices as ... envisioned by the present invention For U« 
Lon. in particularly preferred aspec. U.e devices o, .he invemion w„l ..yptcally 

an elecm^osmouc fluid direction sys.em. Such fluid direction systems 
combine ^ elegance of a fluid di«ction syst«n devoid of moving parts wtth an 
L Of manufacmring. fluid control and disposabUity. Examples of particu^.1, 
preferred electroosmotic fluid direction systems include, e.g.. those d«cr^d m 
Lmational Pa«n. Applic«icn No. WO 96/04547 .o Ramsey et a... wht* ts 
inconK.raBd herein by refenmce in ioemiren, for all purposes. 

to brief. ti«se fluidic control systems typically i,«lude electiodes 

disposed Within the reservoirs U« are pU«d in fluid connection « 
of Lrsecing Channels fabricated i«o tlK sur««e of ti>e substrate, m ^ 
stored in ti« reservoirs are transported thr».gh the channel system deltvermg 

volumes of U,e various materials to one or more regions on the substrate 

in order to carry ou. a desired screening assay. 

Fluid and mat«ials .ranspon and dir«:tion is accomplu*ed through 
elec™sis or electrolcinesis. In brief, when an appropriate material tyP-aUy 
Zi^ln. a fluid, is Placed in a channel or other fluid conduit having ^c».. 

present at the surface, those groups can iom». For """^ 
Lrfl of the Channel includes hydroxy, htnctional groups a. ti« surface, p^mns 
I^Ive tite surfa^ of the channel and enter the fluid. Under such cond«.ons^*e 
ZL will possess a ne. negative charge, whereas the fluid will possess an exc«s 
Tf^I o poshive Charge, particularly localized near ti,e interface between *e 
surface and the fluid. By applytng an electnc Held along the en^ of ti,e 
cations will flow toward the negative electrode. - _ 

positively Charged species in me fluid pu„s the solvent w„h them The steady 
velocitv of dtis fluid movemem is generally gtven by the equanon: 

v= £££ 



4 ITT) 



..here v .s the solvent veiocio-. . is the d.eiecr.c consent o, ..e n„,d.^ ,s .he zeta 
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.Ucosity. Ttas. as can be easily seen from U,is equauon. *e solvem velocity is 
diiecUy proportional lo ihe surface potential. 

To provide appropriate electric fields, the system generally tncludes a 
™„age controller that is capable of applying selectable voluge levels, 
simuluneously. to each of the res^oirs. including ground. Such a voltage 
controller can be implemented using multiple voltage dividers and mulnple relays to 
obtain the sele«able voltage leveU. Alternatively, multiple, independent voitage 
sources «. opdonaily used. The voltage controller is electrically competed to each 
of the reservoirs via an electrode positioned or fabricated within each of d« 

10 plurality of reservoirs. 

incorporating this elo:tro»motic fluid direcuon system tnto the 

device Shown in Figure 1 involves incorporation of an electrode within each of the 
teservoirs 104. 106 and 108. and at the terminus of sample channel 112 or at the 
tetminus of any fluid cham»ls competed thereto, whereby the electrodes m 
,5 electrical contact with the fluid dUposed in the respective reservoir or clunnel. 

substrate materials are also selec.«i to produce channel having a destred surface 
Charge. In the case of glass subs.r«es. the etched ch^mels wUl possess a net 
negative charge resulting from d,e ionized hydroxyU namrally present a. the 
suLe. Alternatively, surface modifications are optionally employed to provtde an 
appropriate surface charge, e.g.. coatings, derivatization. e.g.. silanation^ or 
iTprognation of the sut^ace to provide appropriately charged groups on U,e surface. 
eIpIcs of such treatments are described in. e.g.. •"--■^J"""'^^" 
serial NO. 60/015,498, filed April 16. 1996 (Attorney D«ket No. 017646^02600, 
which is hereby incorporated herein by reference in its entirety for all purposes, 

L brief, suitable substrate materials are generally selected based upon 
dieir compatibiliry wiU, ^ conditions present in the particular °P=~ ^ 
performed by the device. Such conditions can include extremes of 
Ld salt concentration: Additionally, substrate materials are a so " 
UKrtness to critical components of an analysis or synthests to be earned out by ti« 
50 device. Polvmeric substrate materials may be rtg.d, sem,.r,,,d. or non-r.gtd. 

opaque. semi.opa,ue or transparent, depending upon the use for ...c. they ate 
intended, ror example, devices which include an opuca, or v.sua, de.cfon 
cement, will eenerally be fabncated. a. L-^s, ,„ part, from a transpate. „u,vmer,c 
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Aifemativelv iranspareni windows of , e.g. 
i^. or may ^ ^-^"^^ ZlTL^^' or branched backbones, and 

„„,„de . 8., Acryme 

:;^^n CD 2rava.>a«e .on, TH. P,a.„cs and Rubber 
polycarbonates («.«.. Ma^olon c corporauon. or LEXAN 

division of Mobay Corporation (Ptosburg. PA) o Bayer ^ 

, .cviNOO 1020 both available from GE Plastics) 

' ^^(PDMrpoiyuretbanc, poiyvinyicbioride (PVO polystyrene, 

polydintethylstloxanes (PDMS), p yu .hcnnal. electrical, 

poiysulfone, polycarbonate and the lUce. 
^ ..etntca, resistance properties for n,any p«.cs a-e 
generally available from the manufacturer), or can easily 

AS described herein, the e..«ro.dnetic nuid control systeoiS employed 

^ ^ device ^ I present invention generally uti,i« a substrate having charg- 
oi the devices oi ui f ,u. hvdroxvl Eroups present on glass 

functional groups at its surface, such as the hydroxy^ gr P P 

^.es. AS described, devices o, ^ ^^^^l^^^ havl hydrophobic 
T '"'^r r::: of ::— - con.rol systems in devices utiLing 
rZ^crsr: used . ^ — typical, employs m^mcation of 

^ surfaces of the substrate that are in contact with fluK^s. ^ 
Surface modification of polymeric substrates may 

, .„rf»ces may be coated with an appropriately 

at the nuid layer. substrate 
m one embodiment, preparation of a charged sun 

^" ^ ^Hif.ed e " the channels and/or 

^ «f th»» ciirface to be moailiea. c._.. 

involves the exposure of the surface ^^^^^^ 
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dissolved surface. The hydrophobic ponion of the deKrgem molecules will 
associate with the partially dissolve polytner. The solvent is then washed front the 
surface e g . usins water, whereupon the polymer surface hardens wnh the 
detergent en,hedd«. into the surface, presenting the charged head group to the flutd 
interface. 

In alternative aspects, polymeric materials, such as 
polvdimethylsilo^ne. ma, he modified by plasma irradiation. In particular plasma 
Ladiation of PDMS oxidizes the methyl groups, liberating the carbons and leavtng 
hydroxyl groups in their place, effectively creating a gUss-.ilce surface on the 
polymeric material, with its associated hydroxyl functional groups. 

TlK polymeric substrate may be rigid, semi-rigid, nonrig.d or a 
combination of rigid and nonrigid elements, depending upon the parucular 
application for which the device is to be used. In one embodimem. a substrate ts 
^de up of at least one softer, flexible substrate element and at least one harder, 
„ore rigid substrate element, one of which inchKles the cham-ls a»i chambers 
n^facmred into its surface. Upon m«ing the two substrates, the incluston of the 
soft element allows formation of an effective fUtid seal for the channels a»l 
Chambers, obviating the need and problems associated with gluing or melttng more 

rigid plastic components together. 

A number of additional elements are added to the polymeric substrate 
,o provide for the electroRinetic nuid control systems. These elements may be 
added either during the substrate formation process, i.e.. during the moldtng or 
stampint steps, or they may be added during a separate, subsequent step. These 
element typically include electrodes for the applicatton of voltages to the vanous 
nuid reservoirs, and in some embodiments, voltage sensors at me various channel 

intersections to monitor the voltage applied. 

aectrodes may be incorporated as a portion of the molding process. 
,n panicuUr. the electrodes may be panemed withtn the mold so that upon 
introduction of the polymeric material into the mold. U,e electrodes will be 
appropriatelv placed. .Mtematively, the electrodes and other elements may be added 
after the substrate is fomed. ustng well known m.crofabricafon methods, e.g.. 
sputterine o, controlled vapor deposition methods followed by chem.ca, etch.ns. 
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Wh=mer polvmeric or o*er sub.<ra,es .rc used. moduUting voltages 
a„ cor.M, appUcd .o U» various reservo,rs ,o af,=c. a desired fluK> flow 
c,«rac«Hs.ic. e.g.. conrinuo us flow of recpror/enzyme. Uga„d/su.s.ra.e toward U,e 
was,, ^scrvoir wiU, .he periodic inuoducaon of tes, compounds. Paritcuiariy. 
n,odu.a.ion of U>e voitages applied a. *e various reservoirs can move and d,rea 
Id flow Otr^-gh *e in«n.n„ec«d s,ruc„re of .he device .n a con.oiled 

^r ,o effect the fluid flow for ,h= desired screening assay and apparams. 

Figure 2A shows a schematic illustration of fluid directton durmg a 
cpica, assay screen. Speciflcally. shown is the injection of a tes. compound (in a 
r«ec, material region, into . continue stream of an en^me-fluorogentc suhstrate 
mi^n^re. M shown in Fi^re 2A. and with reference to Figure 1. a co- 
stream of enzyme is flowed from reservoir 104. along main channel UO. Tea 
compounds 120. separated by appropriate spacer regions Ul. e.g.. low tome 
strength spacer regions, are introduced from sample chan«l 112 into mam channel 
,,0 OnTe — d into the main cha^iel. die test compounds wil, mterac, wtth 
the flowing enzyme stream. The mixed enzyme/tcs, compound regions at. then 
flowed along main Channel 110 past the tntersectionwi* Channel 114. A 

continuous stream of fluorogenic or chromogenic substrate which is contamed m 
^scrvoir 10«. is introduced imo sample channel 110. whe«upon i. contact and 
mixes With the co»inuous stream of enzyme, including the subject "B-o- 
Which include the test compounds 122. Action of the enzyme upon t^ subarate 
will produce an increasing level of dte fluorescem or chromafc stgnal. -Hns 
increasing signal is indicated by the increasmg shad.ng w.thin the --^-^^ « 
approaches the detection window. This s.gnal trend will also occur wtthm those test 
or subject material regions which have no effect on .e e,.y— 

i„„Lion. e.g t compound .26. Where a test compound does have a e^t 

on the interaction of the enzyme and the substrate, a variat.on w.„ appear m die 
.U produced. For example, assuming a fluorogenic substrate, a test compound 
which Libits the tnteraction of the enzyme w.th its substrate w,ll result m .ss 
fluorescent product being produced widtin that subtect matena, reg.on, Th.s 
result in a non-fluorescent. or detecubly less fluorescem reeton w„h,n the flowmg 
s.ream as it passes dctect.on w.ndow 1.6. wh.cb .otresponds .0 .he subject mater.a, 
re=,on For example, as shown, a subject matertal recton mCudmc a tes, 
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compound 128. which is a puuuve inhibitor of *= .nzyn,.-subs,ra,. i„™. 

shows de.ecubly lower nuorescence rtan ih= sam»n<iing stream. This is ,.Ki,ca»=d 

by a lack of shading of subject material region 128. 

A detector adjacent to the detection window monitors the level of 

nnorcscent signal being produced by the enzyme s activity on the fluorogenic or 
chromogenic substrate. This signal remains at a relatively constant level foMhose 
test compounds which have no effect on the enzyme-substrate interactton. When m 
i.*ibi«,ry compout- is screened. how.v«. it will produce a momentary drop tn *e 
nuorescntt signal represcming the reduced or inhibited enzyme activity toward the 
substrate. Conversely, inducer compounds, upon screening, produce a momentary 
in the fluorescent signal, corresponding to the increased enzyme acttvtty 

toward the substrate. 

Figure 2B provides a simUar schematic illustration of a screen for 
effectors of a receptor-ligatxi interacti^t. As in Figure 2A, a cominuous stream of 
„ is flowed .torn reservoir 104 through main channel 110. Test compounds 
or subject material regions ISO separate! by appropriate fluid regtons 121 
are introduced into the main channel 110 from sample channel 112, atKl a 
cominuous stream of fluorescent Ugand from teservoir 10* is introduced from stde 
channel 114. Fluorescence is indicated by shading within the chamiel. As m 
Figure 2A, the contmuous stream of fluorescent ligand and recq.tor past the 
detection window U6 will provide a constant signal intensity. The subject material 
„gions in the stream, containing the test compounds which have no effect on the 
Jeptor-ligand interaction, will prov.de the same or similar level of fluorescence as 
Ute res. of flte surrounding strewn, e.g., test compound or subject material regton 
152 However, the presence of test compounds which possess antagonisttc or 

ir^bitory activity toward the receptor-ligand interaction w.ll result in lower leveU 
of that inte^ction in those portions of the stream where those compounds are 
located, e.g., test compound or subject matena, reg.on .S4. Further, d.fferenttal 
flow rates for the receptor bound fluorescent H.and and free nuorescent ligand wtll 
result in a detectable drop in the level of fluorescence which corresponds to the 
dilution of the fluorescence resuUin, from unbound, faster mov.ns receptor The 
<,„p in fluorescence is then followed - an increase in fluorescence 156 wh,ch 
corresponds to an accumulation of the slower movinc. unbound fluorcscen, l.cand 
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1„ some embodimems. ii is desirable to provide an additional channel 
for Shunting off or extracting the subject material region reaction nuxntre from the 

buffer and/or spacer regions. TOs may be the case where one ,»ishes to 
keep tlK reaction elements comained within the a disctete fluid region during the 
«^ion while allowing Uiese elements to be separated during a data acquistfon 
stage AS described previously, one can keep the various elements of the reactton 
,og«her in the subject material region that is moving through the reaction channel 
by incorporitting appropriate spacer fluid regions benveen samples. Such spacer 
fluid regions are generally selected to retain the samples within dteir original subject 
material regions, i.e., no. allowing smearing of the sample into the spacer reg.ons. 
even during prolonged reaaion periods. However, this goal can be at odds w,* 
those assays which are based upon the separation of elemems of the assay, e.g. , 
ligand-receptor assays described above, or where a reaction product must be 
separated in a capillary. Thus, U may be desirable to remove those elements whK^h 
prevented such separaUon during the initial portions of the fluid directton. 

A schematic illustration of one embodiment of a device SflO for 
performing titis sample or subject material shumtog or extraction is shown in Figure 
5 AS shown, the subject materials or test compou»is 504 are introduced to d>e 
device or chip v,a the sample channel 5J2. Again, these are typically introduced 
via an appropriate injection device 506. e.g.. a capillary pipenor. The tome 
st^gth and lengths of d,e first spacer reg.ons 508 and second spacer regions 502 
are selected such Utat dK>se samples with the highest electrophoretic mobUity w,U 
„o. migrate tiuough the f.rs, spacer regions 508 into me second spacer regions 502 
in the length of time that it takes tite sample to travel down the reaction ch.n.«l. 

Assuming a receptor ligand assay system, test compounds pass mto 
the device 500 and into reaction channel 510. where they are fust combined w,th 
tire receptor. The test compound/receptor, in ti« form of the subject ma,er,al 
regions, are flowed along the reaction channel in the incubafon zone 5lOa. 
Following this initial incubanon, the test compound/recepto, mix ,s comb.ned wuh 
labelled li.and (e.g.. fluorescent ligand, whereupon this m,.xn.re flows along the 
second inJubation region 5I0b of reaction chamtel 5.0. The lengths of the 
.ncubanon recons and d,e Ho. rates o. .he system ,de,cnn,n=d by .he po.em.ais 
applied a, eac'h o, .he reser^o.ts 514. 516. 518. 520. 522. and a, .he .erminus of 
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sample channel 512) determine the tune of incubation of the receptor with the 
fluorescent lieand and test compound. The iomc strengths of the solutions 
contaming the receptors and fluorescem ligands. as well as the flow rates of 
material from the reservoirs housing these elements into the sample channel are 
selected so as to not interfere with the first and second spacer regions. 

The isolated subject material regions containing receptor, fluorescem 
Ugand and test compound are flowed along the reaction chamiel 510 by the 

. . ..o.«,nire 516 518 and at the terminus of 

application of potentials at. e.g., reservoirs 514. 51b, 5io a 

sample chamiel 512. Potentials are also applied at reservoirs 520 and 522. at the 
opposite ends of separation chamiel 524, to match the potentials at the two ends of 
the transfer chamiel, so that the net flow across the transfer chamiel is zero. As the 
subject material region passes the intersection of reaction chamiel 510 and transfer 
chamiel 526. the potentials are allowed to float at reservoirs 518 and 522. 
whereupon the potentials applied at reservoirs 514. 516, 520. and at the terminus of 
sample chamiel 512, result in the subject material region being shunted through 
transfer chamiel 526 and into separation cham«l 524. Once in the separation 
chamiel. the original potentials are reapplied to all of the reservoirs to stop the net 
fluid flow through transfer chamiel 526. THe diversion of the subject material can 
then b^ repeated with each subsequem subject material region. Within the 
separation chamiel. the subject material region is exposed to differem conditions 
than those of the reaction chamiel. For example, a differem flow rate may be used, 
capillary treamients may allow for separation of differentially charged or differem 
sized species, and the like. In a preferred aspect, the subject material is shunted 
into the separation chamiel to place the subject material into a capillary fllled with 
high ionic strength buffer, i.e., to remove the low ionic strength spacer regiom.. 
therebv allowing separation of the various sample components outside the confines 
of the original subject material region. For example, in the case of the above- 
described receptor/ligand screen, the receptor/ligand complex may have a differem 
electrophoretic mobility from the Ugand alone, m the transfer chamiel. thereby 
allowing more pronounced separation of the complex from the Ugand. and its 
subsequem detection. 



PCTALS97/10894 . 

VO 98/00231 

such n.cdiflca.io„s have aide vane^ of uses. panicuW, where U 
. ..^h. .0 «pa.a.e reason produc. foUown, ~ . in c.eava.e 
„.cnons. fragmenution reaaion.. PCR reactions, and U,e IJce. 

c Parallel ftssav Syw°m 

a schematic illusiraiion of one aliemate 
presen. inversion. For e,ca^. , 

r^hid pi:i,. .a^-red ^ u« .... - - ^ r 

u „-ic ^11-324 Also shown are three irans\ersc 
parane. reacucn channels ^ ^ „3nsv=rse 

nuidly co,u>ec«d ,o each of .hese 

— inci- ;-:;;:-::::r 11« - ^hanneU are .enerauv 
^ ""T^TL^ltl " .he dUnensions .e^raliy described ahove. 

r::rirde:rUr.ofaser.ofp^^^^ 

r r cLm.e,, .e c>^e,s are ^^^^TZ^:^'^^ ^ 
„,e... - :ir:d:ou,h sho«n O^ree rransverse 

some other non-parallel fashion. channels are used where, e.g. , 

that fewer transverse chaimeis arc uatu 
channels, it will be recogmzed that fewer ^ 

- ^^^^^ --^ - 

screen, .cord... .e — 
nve or more transverse channels. Sm«larly. . 

^,^,s. it «iU he read.., apprecated that '^^T^Z^l^^^^^'^^'' - 
invention »«, be capable of contpristng tnore than c^^e ■ P 
needs of the particlar screen. In preferred aspects, e d ^es ■ 
,0 to about 500 reaction channels, and more preterably. trom .0 to 
reaction channels. 
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Tto device may be panicularly useful for screemne compoun^ 
sen..., micctcd into U,e device, bu. emp.oy.ng a paraUel assay geomeuy. once *e 
I! L aL imroduc^i im. U,. device, .o a>lo» for increased mrousbpu,. 

\ op.ra.ion. ^ con^nds in discre« subiecr .a.eria> re„ons arc 
„.Ul>y in-xoduc^i in.0 *c device. sep.r.«d as described abcve^and flowed a.on. 
serially mir separate subject material 

.^averse sampie noecuon ^ 3^ u^ ^ 

„gions are adjacen. U>e ,n.crse«,o„ of *e 

„ac,ion channels MM24. ^j""- " ^^^^ ,„ u,ose cases where rhe res, 
opoonauy provided — ^"^^f^^^. oprionaiiy fabricared 
compounds are — *J paction channels 

„ include bead resr.ng -^'^"'^'^"^rows 340 indica« rhe ne. fluid flow 
:i:::re "ll-^^on. . ..ivldua, beads se.de in.o a r^.g 
JTfll 1 trough .ha. par.icular channel will be generaUy 
Il'l in ^ ser.es following ^ u«es..»d fluid flow. U«n flows .0 d,e ne« 

""lirrntTn. .o dre in.ersec.on of ^ par-1.1 reacion 
and U« san-ple Injecion channel. U,e .es. compound ^ di^in.o «s 

^We reaCion channel by redirecring fluid flows down d,ose c^s. Aga». 

^ Lose i^unces where .he .es. compound is immobilized on a ^ 

,o he released from dre bead. .g . by exp su ^^^^ 
acid, base or dK like prior «> flowing .he <es. compound 

Wi*in d« parallel channel. d,e .es. compound w,U be conra 
. K^hemiclsvs^m for which an effecor compound is be,ng sough.. As shown. 

r."of .he bi^hemlcal sys.em is placed in.o ~ — 

channel 306 The b.ochemical sys.em are op.io„aUy soiu.,on based, 
:rlus,y flow.. e„zyme,subs.ra.e or recep.o,.,i.and mix.re. l.e ,h. 
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. .nb^d above or as shown i- Figures 4A^F. may be a whole cell or bead based 
.rids Which have e,uyn.e/subs.ra,e sys.en« — i«d d^reon. 
tlse i,..nces where d,e bioehem,ca> sys^n, is ir^orporared in a 
^cle e g . a cel. or bead, .he paraiie, channel may include a pardCe rerenuon 

44 T^icai,,. such rere^ion wi„ include a panicle s,evm, or 
r. nmal eg a porous gel or microsmrcmre which re<a,„s partrculare 

rbt^ows *e fL flow or fluids. Examples of microsuucuares for diis 
r itTe g mose descnbed h. U.S. Paren, No. 5.304,4S7. which ,s 
r; nC^^at; reference . i. endrery for al, purposes. M wiU. rhe 

::i„s ^ — - tumps 

.enerally conrroUed using microfabHcared fluid ^'J 

:r::a=:::=^ 

XUprcfcrredfor — 

t'!; :a:"r : con-rol fluid flow d^rough die device. 

™pecr i is desirable ,o include elecrrodes a. die .ermini of all die van»s 

I L ™! generally provdes for more direc. con»ol. bur ..so grows less 
ch^mels. Th.s generally P i„ order to utilixe fewer electrodes 

^^able as systems grow more "^'t J^ often be desirable in paraUel 
,nH thus reduce the potential complexity, u may onen 

e ! Where two fluids arc desired to move at simitar rates m parallel 
systems, e.g.. where two 
channels, to adjust Ute geometnes of the various 

ehannel lengd, increases, resistance alo. th. — « «- _ 

flow lengUiS beceen electrodes should - - 
regardless of dte parallel pad, chosen. w = P 
„e electrical flelds and dtus promote e,u^ flo 

aecomplish substantUl.y dte same '^^'^'^-^^^Z^^ channel length, and 
..e geometry of dte channel structure ^J ^ ^'-^^^^^^ 
tos die channel resisunce. regardless of dte path 

inus, uic ^. , ^ v^rvins the cross-sectional 

path taken. 
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As the test compounds are drawn through their respective parallel 
reaction channels, they will contact the biochemical system in question. As 
described above, the particular biochemical system will typ.cally include a flowable 
indicator system which indicates the relative functioning of that system, e.g., a 
soluble indicator such as chromogenic or fluorogenic substrate, labelled ligand, or 
the like or a particle based signal, such as a precipitate or bead bound signallmg 
group '-The flowable indicator is then flowed through the respective parallel 
channel and into the collection channel 308 whereupon the signals from each of the 
parallel channels are flowed, in series, past the detection window. 116. 

Figures 4A-4F, with reference to Figure 3, show a schematic 
illustration of the progression of the injection of test compounds and biochemical 
system components into the "serial input parallel reaction" device, exposure of the 
system to the test compounds, and flowing of the resulting signal out of the parallel 
reaction channels and past the detection window. In particular. Figure 4A shows 
the introduction of test compounds immobilized on beads 346 through sample 
injection channel 304. Similarly, the biochemical system components 348 are 
introduced into the reaction channels 312-324 through seeding channel 306. 
Although shown as being introduced into the device along with the test compounds, 
as described above, the components of the model system to be screened are 
optionally incorporated into the reaction channels during manufacture. Again, such 
components are optionally provided in liquid form or in lyophilized form for 
increased shelf life of the particular screening device. 

AS shown, the biochemical system components are embodied m a 
cellular or particle based system, however, fluid components may also be used as 
described herein. As the particulate components flow into the reaction channels, 
they are optionally retained upon an optional parttcle retaining matnx 344. as 

described above. w 

Figure 4B illustrates the release of test compounds from the beads 
34* by exposine the beads to a releasing agent. As shown, the beads are exposed 
to li.ht froth ah appropriate light source 352. e.g.. whtch ,s able to produce Ught -h 
a wa'velenttth sufftcieht to photolyze the linker group, thereby releasthg compounds 
that are co'upled to their respective beads via a photolab.lc linker group. 
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in Figure 4C. tt.e released test compourKis are Howed into aiKj along 
dre paraUe. reaction channels as shown by arrows 354 ami. .hey conuc. ^ 
biochemical sy«en, conrponents. The biochemical sys.en, componenrs 348 are men 
aUowed to pefom. Uieir funaion, e.g.. enzymatic reacfon. receptor/ligand 
interaction a... the iiice. in the presence of the test compounds. Where the vanous 
con^pcnents of the hiochemica, system are immobilized on a solid support, release 
of the componems from their supports can provide the initiating event for the 
system. A soluble signal 3S« which corresponds to the fttnctiomng of the 
b ochemica. system is then generated (Figure 4D). As described prevously a 
variauon in the level of signal produced is an indication that the parfcular test 
Zound is an effector of th. particular biochemical system. This is illustrated by 

die lighter shading of signal 358. 

In Figures 4E and 4F. the soluble signal is then Howed o« of 
.actions Channels 312-324 in«, the detecuon channel 308. and along the detection 

channel past the detection window 116. 

Again a detection system as described above, located adjacent .he 
a«ection v,indow will monitor the signal levels. In some emb«.im.nts, the beads 
Which borc the test compounds are optionally recovered to idemify the t«t 
compou^is which were present thereon. This is typically accomplished by 
1 Jrporation of a tagging group during the synthesis of the test cotnpound^ <^ 
bead. AS shown, spem bead 360. ,.=.. from which a test compound h^ b^ 
released. Is optionally transported out of the channel strucmre ^ 
identincaUon of the test compound that had been coupled to u. Such tdentttot™ 
riptionally a^omplished outside of the dev.ce by d.recting the bead to a fracuon 
collector, whereupon *e test compounds present on the beads are OP-^ 
identifted either through identification of a tagging group, or through ,d=m,ficat,on 
: ounds' incorporation of tagghtg groups h, combmatona, chemtstry 

methods has been previously descHbed using encrypted nucieot.de 
chlorinatcd/nuorinated aromatic compounds as tagging groups. See, e g . Pubhshed 
PCT Application No. WO 95/12608. Alternatively, the beads ate opttonally 
.ransponed to a separate assay system widtin the device .tseit whereupon the 
ideniificauon is carried out. 
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Figure 6A shows an alKnuK embodimen. of . "serial i,.pu. panJlel 
ruction- device which can be used for fluid based as oppmed ro bead based 
sys«ms. AS shown me device 600 generally incorporates a, leas. ™-o ^ers. 
L^. as w.« Shown in Figures 3 and 4, „an,ely. sa„,ple iniecuon c^nnel 604 
^ deletion channel 606. Tfese .ransverse channels are i„.erconnec,ed by .he 
Zc. Of parallel channels *.2^. which connec. san.ple channel 604 .o de.ec.,„n 
cha»«l *0*. ^ ^ ^^^^ ^ ^^^^ 

directing ^ flow of fluid «s, conipounds i«o fl« reacion channels. In pamcular 

• - ,h,„.«l 6S4 is fluidly conneced to sample channel 
an additional ttansverse pumpms channel 634 IS riuKuy 

^ via a series of parallel pumping channels 636^. The pumpmg channe 
lis reservoirs 6. a. 6« a. i. Thei— ^^^^ 

«3«.64« are staggered from d« intersections of parallel channels 
sample channe, 604. e.g., half way b«we«.. Similarly, ttansverse pumpmg 
Z.1 60S ,s conneced .0 de.ection channe. 6.6 via ^-^^^^ 

— Again, the — ^rr:!: — 6U. 
detection channel 606 are staggered from the mtersectio 

6,10 with the detection channel 606. 

A schematic illustration of the operation of this system ts shown tn 

Figures 6B-6C. As shown, a series of test compounds, physically isolated f««n 
other in separate subject matetia, regions, are introduced into sample channe 

^^Ig U« mlods described previously. For electroosmotic system, potentials 
are applied at the terminus of sample chant^l 604. as well as ~ 
potentials ate also applied a. reservoirs 650=652. '^^^^^^ 
results in a fluid flow along the transverse channels 634. 604. 606 and 608. as 
:::: b, the armws. and a .ro ne. now .luough .e paraUe, c.ru.eUrra. 
in.ercom.ec.ing .hese .ransverse channels, as shown m Figure 6B Once m= 
rnal reg.oL confining .he .est compounds are aligned w.th pa„ct. n 

. ™ cor«r.i^ rhannel 604 to detection channel 606. as 
channels 612-620, connecting sample channel ow. 

channels oiz o , transverse directions 

shown bv the shaded areas in Figure 6B. now stopp 

remo'vme the potentials applied to the reservoirs at the ends of -se chann^ • 
descnhe'd ahove. .he „ o." the channels can vancU 

Of space on the substrate. For example, where the sample channel is sirai.ht. the 
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between reaction c^eU (and .hus. me number o, paraUe, reaoicns 
>A ou. in a size limi«d substrate) is dictated by Ute dBtance between 

-m::;.. - — r-:rs-rrr 

— irlC : — .ed b, a set.™., square- 

or otber reciprocaUng cHanr«. geontetry. Ws aiiows pacictng a 
nutnber o, reaCun cban«U o«o tb, .^..=d area or tbe substrate 

once aiigncd wiU. the paraUe. reaction cbanncis. tbe s^p.=. or 
subject ntateria,. is tben ntoved into -^J:^-::^^'^^^ 

a nrst ^-'^-:;^-lZTZ\L tbrT/b paraiie. pun,p.n. 

cbanneis ' „ , appli«i at reservoirs - 

as shown m Figure 6C. Dunng P ^^^^ 

<Aft M 6S6 or the termuuis of sample cnannei <xr. . ^ j 

648, 654. 6r.t.. or such that the total channellength. and 

J /:•>■> /;« are generally adjusted in length sucn inai u 
and 622-632 are geneia ^ ^ 

thus the level of resistance, from reservoirs 650 aod ftw to 

thus meievei f„, .m oalh taken wUl be the same. 

and fiA6 would be the longest and 640 ana o^-t u 

2 iJby forcing the samples into tbe cbanneis M can be seen^unng 
ling of U« samples dirough channels 6X2-620, dte res^tar^w^ these 

, •„ he the same as the individual channel length is the same, 
channels w.ll be the same. ^^^^^.^^ 
Following the reaction to be screenea. ui 

• H into detection channel 606 by applying a potential 

.egion/signal ^^Zs. and 660, while ,be potentials at the 

from reservoirs 650 and 652 to re«n^^ ^^^^^^ „g,ons/signal are 

— ' -rvoi. are J^^^^^^^^ ,p„„g poienliais to 

""tralr; wtl r i", ^PP-P- po.e™,a,s at ,be term.n, of the 
r ::::r: - ,o p::-. any now a.ong .r.o. para,., cbanncs. 
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Although shown with channels which intersect at right angles, it will 
be appreciated that other geometries are also appropriate for serial input parallel 
reactions. For example. USSN 08/835.101. filed April 4. 1997, describes 
advantages to parabolic geometries and channels which vary in width for control of 
fluid flow. In brief, fluid flow in electroosmotic systems is controlled by and 
therefore related to current flow between electrodes. Resistance in the fluid 
channels varies as a function of path length and width, and thus, different length 
channels have different resistances. If this differential in resistance is not corrected 
for. it results in the creation of transverse electrical fields which can inhibit the 
ability of the devices to direct fluid flow to particular regions. The current, and 
thus the fluid flow, follows the path of least resistance, e.g., the shortest path. 
WhUe this problem of transverse electrical fields is alleviated through the use of 
separate electrical systems, i.e., separate electrodes, at the termini of each and 
every parallel chamiel. production of devices incorporating all of these electrodes, 
and control systems for controlling the electrical potential applied at each of these 
electrodes can be complex, particularly where one is dealing with hundreds to 
thousands of parallel channels in a single small scale device, e.g.. 1-2 cm^ 
Accordingly, the present invention provides microfluidic devices for affecting serial 
to parallel conversion, by ensuring that current flow through each of a plurality of 
parallel channels is at an appropriate level to ensure a desired flow pattern through 
those channels or chamiel networks. A number of methods and substrate/channel 
designs for accomplishing these goals are appropriate. 

In one example of parabolic geometry for the channels in an 
apparams of the invention, the substrate includes a main chamiel. A series of 
parallel channels terminate in a main chamiel. The opposite termini of these 
parallel chamiels are comiected to parabolic chamiels. Electrodes are disposed at 
the termini of these parabolic chamiels. The currem flow in each of the parallel 
channels is maintained constam or equivalem, by adjustir . the length of the parallel 
channels, resulting in a parabolic chamiel strucmre comieciing each of the parallel 
channels to its respective electrodes. The voltage drop within the paraboUc chamiel 
between the parallel chamiels is maintained constam by adjusting the chamiel w.dth 
to accommodate variations m the chamiel currem resulting trom the parallel current 
paths created bv these parallel chamiels. The parabolic design of the chamiels. m 
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^^binauon wich >heir .poring resu,.s in U« rcs,sun« a ng a. ofO. 

pa.„=, ch^=.s b.tag e,ua,, .suUing ^ ec,ua> nuid flow, regardless of *e pa* 
chosen. Generally. de.ermining .he dimensions of channels .o ensure ^ <he 
resisunces among ^ channels are controlled as des,r=d. may be carried ou. by v«n 
known med^ds. and generally depends upon facors such as ,h= malce-up of .he 
fluids being moved *rough d.e substrates. 

AlAoagh getKrally described in terms of screening assays for 
identifcation of compounds which affect a panicular interaction, based upon the 
presem disclosure, it will be readily appreciated Utat the above descr.bed 

. „io« ii«ed to screen for compounds which 
microlaboratory systems may also be used to screen 

specifically interact with a component of a biochemical system without necessarily 
affecting an interaction between that component and another element of the 
biochemical system. Such compounds typically include binding compounds which 
niay generally be used in, e.g.. diagnostic and therapeutic applications as targeting 
Zps for therapeutics or marker groups, i.e. radionuclides, dyes a- - Jilce^ - 
example, these systems are optionally used to screen test compounds for the ability 
to bind to a given component of a biochemical system. 

II Mir.rnlahora '^T -System 

Atoough generally described in terms of individual discrete devK:es. 

for ease of operation, the systems described will typically be a part of a larger 
svstem which can monitor and control the fimctioning of the devices, either on an 
inawtdua, basis, or ,n parallel, multi-device screens. An example of such a system 

is shown in Figures 7. 

As shown in Figure 7. the system may include a test compound 

. n, 700 The system shown includes a platform 702 which can hold 
nrocessing system 700. ine sybicm 

nr devices 704. As shown, each chip includes a 
a number of separate assay chips or devices /u 

number of discrete assay channels 706. each having a separate interface 708. e^g^ 
plpenor. for introducing test compounds into the device. These interfaces are us^ . 
0 Sip test compounds into die device, separated by sipping first 
nuids. into the device. In Uie system shown, me inierfaces of the chip are in^rted 

heine'raised and lowered to place the .nien.c.s ,n contac, .ith ,=s, co-^P-^ 
...shTitst spacer fluid.second space, Huids. .h.ch are con.ioeO ,n, e.;,. mui.i.ei, 
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n^ro pU.es 711, posUioned below the platfom.. e.g.. on a conveyor sy»m 712^ 
,„ ope«.ion. muiuwen pU<« — g ,ar,e numbe. of differen, .es. compounds 
arc Lked 714 a. one end of .he conveyor sys,«n. The pla«s are placed upon *e 
conveyor separa»i by appropria« buffer reservoirs 716 and 718. whteh ^y be 
fiUed by buffer system 720. m pla«s are s.epped down U,e conveyor and d,e «s. 
compounds are sampled in« d.e chips, in.erspersed by appropriare spacer flu,d 

A«er loading *e«s. compounds in.o.e Chips, .he muui»eupl.«s arc 

rcollec^d or sraCed 7« a. U,e opposUe end of .he sys.em. The overall comr^ 
i«l»des a mmiber of individual microlaborarory sysrems or d=v,ces, e.g., as 
Iwn in Figure 7. Each device is conneced .o a compu«r sys,=m wh,=h ,s 
appropria^ly progr^nmed .o conm,l nuid now a.^ direction wimin the vartous 
Z.S and «> moni«,r. record ^ analyze da. resulnn. from the screemng assa s 
performed by the various devices. The devices wiU typically be connected 
,„ the computer through an intennediate adapter module which provides an .nterface 
bemeen rte computer and the individual devices for implementing operattot^l 
i^tions from the computer to the devices, at- for reporung dau rom the 
devices to the compute. For example, the adapter will generally mchKie 
appropriate connecUons to corresponding elements on each dev ce. e.g.. electn^l 
,1s com««ed .0 the reservoir based electrodes U»t are used for e^osmot. 
nuit, flow, power inputs and data outputs for detection systems, etther electrtcal or 
fiheroptic, and dau relays for od,er sensor elements incorporated into t^e devt^es. 
™ adapter device may also provide enviromnenul control over 
lices Where such control is necessaty, e.g.. maimaining the ind.vKh.al devces at 
optimal „mperamres for performing d,e pariicular screening assays. 

AS shown, each device is also equipped wifl. appropnate flmd 
interfaces, e.g., microp.penors, for introducng «s. compounds in.o «,e i— > 
devices The devices may readily be anached .o roboric systems wh,ch allow est 
compounds .o be sampled from a number of muLiweU pla.s .ha, are moved along 
conveyor sys.em. Intervening spacer fluid regions can also he tmroduced v,a a 
spacer solution reservoir. 
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'^''^n pumpme nuids or o*=r ma.=riaU etoroosn.o.ica.ly or 
elecTophoreUcaUy trough an apparan.s of *e .nv^nrton. chemical specie in ^ 
be desled if high voi^ges or curren. are appHe*. or voiuges are 
irfor aiong period of rime. Des.g.. which reurd movemem of chem,c.l 
applied for a long per movemeni of chemKal 

.necies from the electrode to a channel entrance or reui 

electrode improve performance of chemical assays by reducng 
species to the electrode trap r .Km ,hs samole These desicns are 

— ir:rir::^r:r:;are-iiedf.^ 

-••--"'^^rC-hreducedegradationof Chemical species in^^ 
.says of the invention are illustrated by consideration of FIG 12, panels A-a The 
rX retard the moving of chemical species from the electrode to the ch ^e, 
X or retard the movement of chemical species to the el^trode unprove 
entrance ^ ^^^^ ^ ^ ^„5„. „, 

itrrJe" ^lly submerged in reservo. nu..y co^ected to 

"lomparlson. HG U B uti.i«s a salt bridge b«.een electrode with 
frit 1219 and fluid reservoir 1221 fluidly connected to fluid chamiel 1223 

HG P C reduces degradaUon of chemical species by provdmg 
electrode 1225 submersed in first fluid «servoir 1227 fluidly connected to second 
122, by large chamiel 12,1 which limits diffusion, but has a low 

'"~*HG PD provides a similar two part reservoir, in which electrode 
is submersed in firs, fluid reservoir 1237 fluidly connected to second fluid 
^1 1241 by small channel 12« which is treated to r^uce or eliminate 

— °"%7g PE provides another sunilar two part reservoir, in which 

1-7 47 Hiiidlv connecied lo second 
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HG 12F provides a varUn, ,wo pan r.s«^oii sy«em. in which 
1255 is submersed in firs. n»id reservo. ,257 nuid,, coo««ed .c second 

• fr«m the soirit or scope of the invention as 
u «v,.fnre described without departing from the spirit or f 
hereinbefore descnbea ^^^^^^^^ ^^^^ .^^^^^^^g. 

. c^e, and a ^ f :::::„rJ:: ^ 
:r:3t::r:r::rer:reach..^ 

" — ^ 3S hercinherore described, wherein 

hiochemica, sysren, nows ..on.h ^ ^ " l^^:^. 

^ provision cf a piuraiiry of reacion channeis in said f^r -hsrra»^b^ 
parlie. exposu,. o, a p.uraii:, of «s. con-pou.^ <o a. ieas. one h.ochen.«. 

The use of a micronuidic sys«m as he^inhefore described, wherein 
^ i. ohvsicallv isoUted from adjacent test compounds. 
- ---trr:"^ car^in. mtersecn. cha^eis in screening test 
™.eria,s for effect on a biochemtca, system by fiowtn. sa,d test materiais and 

substrates hereinbefore described. 
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The mvenrton provides. in,er alia, an appaxams for detecting an 
effect of a test compound on a bioctotica. system, comprising a substrate having a, 
^t one surface with a plurality of reaction cham«.s .abricat«. into the surface. 
Apparants as hereinbefore described, having at least two transverse channels 
fabricated into d« surface, wherein each of the plurality of reaction channels is 
nuidlv co^tected to a firs, o, the at least two transverse channels at a first p.i« in 
each of the reaction channels, and fluidly co™«cted to a second transverse channel 
„ a second point in each of the reaction channels and an assay apparams including 
an apparatus as hereinbefore described are also provided. 

F.xamples 

The touowing examples are provide by way of Ulustration only and 
^ by way of limitatton. Those of skill wUl readily recognize a variety of 
not^ritical parameters which can be changed or mt^fied to yield essentially simiUr 
results. 

The efficacy of perfomting an enzyme inhibition assay screen was 
remonstrated in a planar chip format. A 6-port planar chip was employed having 
Ute layout shown in Figure 8. The timbers adjacent the channels represem the 
,en.,hs of each cham«l in millimeters. Two voluge states were applied to the ports 

^ top buffer well into the main channel. The second voltage state (State 2) 
resulted in the interruption of the flow of buffer from the top well, and the 
.„.„daction of inh.bi.or from the inhibitor well, into the main channel, along wtd, 
e,e enzyme. A control experiment was also tun .„ which buffer was placed ,nto the 

inhibiior well. 
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Applied voltages at each port for each of the :wo applied voltage 
sutes were as follows: 

State 1 

1498 



State 2 



Top Buffer Well 0) 1831 

Inhibitor WelKH) 1498 l^OO 

1^01 

Enzyme Well (in) 1891 

1442 

Substrate Well aV) 1^42 

1 A An 

Bonom Buffer Well (V) 1442 

Detect./Waste Well (VI) 0 ® 

To demonstrate the efficacy of the system, an assay was designed to 
screen inhibitors of ^-galactosidase using the following enzyme/substrate/inhibitor 
reagents: 

Enzyme: <3.Galactosidase (180 U/ml in 50 mM Tris/ 300 Mg/ml BSA 
Substrate: Huorescein-digalactoside (FDG) 400 
Inhibitor: IFTG, 200 mM 
Buffer: 20 mM Tris, pH 8.5 

aayme and »bs<ra<e w«e comtaually pumped .htough Uk= main channel from U«ir 
^Uve pons under bod. voluge suitts. Inhibtor or Buffer were delivered in«. 
^ main channel alKmately from UKir respective wells by al^madng beiween 
voluge sme 1 and votoge s,a« 2. When no inhibitor was pn=sen. a, d« detecrion 
end of .he main channel, a base line level of nuorescem product was produced. 
Upon introduction of inhibitor, the (luorescem signal was greatly reduced, 
indicating inhib.fon of the enzyme/substrate interaction. Fluorescent data obtained 
from me aitematmc deliver,- of inhibitor and buffer mto .he main channel is shown 
in Figure 9.V Figure 9B a superposition of the two dau segments from Figure 9.^. 
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.Uccuy co^paHns *e .nhibUo, c„„.o, (buffer) ^. co^ro, ,no.s 

only a n,U»r f— ,« 0» fluorc^n. signal .ha. apparenUy res.,«. fro. a 
.«o. of *e enzy-e sub»a« mixrurc, wh..as U« inMbUor scr«n shows a 
su^nria, «4uaio„ in .he fluorescent signal. in.ica.ing Cear .nhibirion. 

A„ assay screen is performed to ide«,fy inhibitors of an enzymatic 
„.tion. A schematic of the chip to be used is show,, in Figure iO. chip has a 
^Uo„ channei 5 cm in iength which includes a . cm incubation .one and a 4 cm 
^i„n .ne. The reservoir a. the beginning of 0.e sample channel is fllled with 
enzyme solution and the side reservoir is f.U«. with .he fluorogenic subsrrate. Each 

.Utear signa. range for the assay system, at the det^tor. Potentials are applied at 
e«:b of the reservoirs (sample source, enzyme, substrate and waste, .0 achieve an 
.ppiied fleld of .00 V,cm. This applied fleld produces a flow rate o, 2 mm/second. 
Ouring passage of a given sample Utrough the chip, there will generally be a 
difft^ive broadening of the sample. For example. In the case of a sm^l molecule 
«mp.e. e.g.. 1 mM benzoic acid difh.sive broadening of approximately 0.38 mm 
aKl an electrophoretic shift of 0.4 mm is seen. 

subject ma.erial regions containing test compounds in 150 mM NaCl 
introduced into the sample channel separated by firs, spacer reg.ons of 150 mM 
Had and second spacer regions of 5 mM borate buffer. Once .ntroduced into me 
.ample channel shown, dte subject mateHal region re,uires P. seconds .0 trave, me 
.„.th Of the samp, channel and reach the incubation zone of the reaction channel. 

.ampie p.pe.tor from me sample ,o the spacer compounds. .-Mlo.mg -or these 
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i^nuprtom. ne. flow is 0.6S mn.s«. A„oU,er U «co«U is r=,uir«. f« 
^. enzyn,./«s. compound mix^re .o «v=l Um»gh 0.= incubation zone » U« 
intcrsecion wim me subs^atc ctannci where substrate is continuously flowing into 
reaction zone of the reacuon channel. Each subject matena. region containing 

try rravel the lencth of the reaction zone 
^ test compounds then requires 48 seconds to travel the long 

an, past the fluorescence detector. A schematic of timing for subject materia. 

„gion/spaccr region loading is shown in Figure U. The top panel shows the 

Object material/ftrst spacer region/second spacer region distribudon within a 

Channel. «h«eas the lower panel shows the timing r«,uired for loading the channel. 

M Shown, the schemattc includes the loading (sipping, of high sal. (HS, flrs, spacer 

fluid CA-,, moving the pipettor to the sample or subject material CB"), sipping me 

^.e or subject matcnal CC"). moving the pipettcr to the high sal, first spacer 

fluid (-D-) sipping the first spa«r fluid ("E-). moving the pipettor to the low salt 

(LS) or second spacer fluid CF"). sipping the second spacer fluid (-0") and 

n„lH rn-^ The process is then repeated for each 

remming to the first spacer fluid ( H ). ine pi 

additional test compound. 

A constant base fluoresce™ signal Is established at the detector in the 
of test compounds. Upon tntroductio. of the test compounds, a decrease in 
fluorescence Is seen similar to that shown In Figures 9A and .B, which, based upon 
,|me delavs. corresponds to a speciflc Individual test compound. Tltis test 
compound is tentatively Identlfled as an inhibitor of the enzyme, and further testing 
is conduced to confirm this and quantitate the efficacy of this inhibitor. 
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While foregoing invention has been describ«l in some detail for 
p„n>oses of Clarity an. u«..rsun.ing. it will ^ clear to one slciUed in the art from 
, wading of this disclosure that various changes in fonn and detail can be made 
Without departing from the tnte scope of Ute invention. All publications and pa«n, 
accumenu Cited in thts application are incorporated by reference in their enUret, for 
^i putposes to the same extent as if each individual pubUcauon or patent document 
were so individually denoted. 
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W f^AT IS C I AIMED IS. 

1. An apparams for screening test compounds for an effect on a 

biochemical system, comprising: 

a substrate having at least one surface; 
at least two intersecting channels fabricated into said surface 
of said substrate, at least one of said at least two intersecting chamiels having at 
least one cross-sectional dimension in the range from about 0.1 to about 500 ^m: 

a source of a plurality of differem test compounds fluidly 
connected to a first of said at least two intersecting channels; 

a source of at least one component of said biochemical system 
fluidly comiected to a second of said at least two intersecting chamiels; 

a fluid direction system for flowing said at least one 
componem within said second of said at least two intersecting channels and for 
introducing said differem test compounds from said first to said second of said at 

least two intersecting channels; 

a cover mated with said surface; and 

a detection zone in said second chamiel for detecting an effect 
of said test compound on said biochemical system. 

2. The apparams of claim 1 . wherein said fluid direction system 
generates a continuous flow of said at least flrst componem along said second of 
said at least two intersecting channels, and periodically injects a test compound from 
said first channel into said second channel. 
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3 The app^atus of claim I. further comprising a source of a 
^ compo^n. of sai. hiochemica, system, a., a Utir. chan«. fahrica^d imo 
^« surface, sai. UUr. channe. flui^v connecUng a. ieas. one o, sai. a, .east n.o 
.„„,sec.ir„ channeu wi* sai. source of said second component of said hiochemica, 

system. 

f .lojm wherein said fluid direction system 
4 The apparams of claim 3, wnercm >a 

.ne^tes a conUnuous flow of a mixmre of saiO r.rs. component ana sai. second 
component a.ons said second of said a. ieast two intersecting channels, and 
peHodicaiiy iniecu a ..t compound from said first channei into said second 
channel. 

f ^ioJ«. 1 wherein said fluid direction system 
S The apparams of clami I, wnercm 

„us>y said piuraiity of different test compounds from said Orst into 

second of said a, ieas, two intersecting chamteis. each o, said piuraiity of 
different test compounds being separated by a fluid spacer. 

6. The apparams of ciaim 1. wherein said fluid direction system 

comprises: . 

at ieas. three electrodes, each electrode being in electncal 

wiU, said a, least two intersecting channels on a different side of an 
,„„.sec,ion formed h, said a. leas, two intersecting chamtels: and 

. control svstem for concomttamiy applying a variable voltage 
, . each o, said electrodes, whereby n,ovemen. of sa,d tes. compounds or said at 

.east nrs, component ,n sa,d at least two tntersect.ng channels ate controlled. 
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7. The apparatus of claim I . wherein said detection system 
includes a detection window in said second channel. 

8. The apparatus of claim 7, wherein said detection system is a 
fluorescent detection system. 

9. The apparaws of claim 1 . wherein said substrate is planar. 

10. The apparams of claim 1 , wherein said substrate comprises 

etched glass. 

11. The apparams of claim 1, wherein said substrate comprises 

etched silicon. 

12. The apparams of claim 1 , funher comprising an insulating 
layer disposed over said etched silicon substrate. 



13. The apparams 

polymer.. 



of claim 1, wherein said substrate is a molded 



14. The apparams of claim 1 . wherein said at least one componem 
of a biochemical system compnses an enzyme, and a substrate which produces a 
deiecuble signal when reacted wiih said enzyme. 
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15. The .ppara^s of claim 14. wherein sai. subs«« is seated 
fron. me group coosisdng of chrcmogenic ^ fluoroge-uc subsaa»s. 

16. The apparatus of claim I. wt«rein said at leas. flK. 
^mponeru of a hiochemicai system comprises a recep.or/.ig««. hilling pair. 
Wherein a. leas, one of said receptor or liga«. has a detectahle signal associated 
therewith. 

,7. The apparams of claim 1. wherein said f,rst component of a 

„. . rnamor/liEand binding pair, wherein binding of 
biochemical system comprises a receplor/ngan 

said receptor to said ligand produces a detectable signal. 

,8 The apparaou of cUim I . the apparams futther comprising a 
p,urali,y Of eiectrodes in a plurality of reservoirs fluidl, connected to one or more 

said imersecting channels an. a control system ,.r concomitantly applying a 
,„,.ge to each of said electrodes, wl^reby movement of said flts, component m 
said ai least two intersecting channels is controlled. 

1, The apparams of claim 18. wherein me apparams minimizes 
..gelation Of Chenuca, species present in said reservoirs or said intersecting 

channels. 

ao The apparams of claim 19. wherein me apparams futther 
, .„mpr,ses one or more componem for reducng e,ec,t„osmo.,c Oo. , selected from 

ihe group consisting of: 



1 
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Of the electrodes, which frit reduces electroosmotic 



14 
15 



20 
21 



a frit on one or more 
flow towards the one or more electrodes: 

a large chamtel between at least two of said reservo.rs, which large chamiel 
li„.its diffusion of said chemical species, the channel having low electroostnotic 



4 
5 
6 
7 

8 flow; 

, a narrow chamel be,w«n leasi ™o of said rescrvoUs. which narrow 

channel iin.i. difte.on of said ch«nica. species, ihe narrow channel trear«l to 

11 reduce eleciroosmoiic flow; 

a filled channel between at least two of said reservoirs, which filled channel 

of said chemical species through the filled 



12 

13 comprises a matrix to limit transport 

channel, the filled channel thereby having low electroosmotic flow; 

a high reservoir having a fluid level higher than at least one low reservoir, 
which high reservoir is fluidly connected to said low reservoir, which low reservoir 
comprises an electrode, wherein fluid pressure between the high reservoir and the 
low reservoir reduces electroosmotic flow towards the electrode: and. 

with a first reservoir fluidly connected through a 

second reservoir adapted to receive one of 
diameter second reservoir adapted to draw 



17 
18 

^5 a dual reservoir system 

connecting channel to a narrow diameter 
the plurality of electrodes, said narrow 



by capillary electrophoresis towards the one electrode, thereby countenng 



22 fluid 

23 electroosmotic flow in the connecting channel. 



21. An apparams 



for detecting an effect of a test compound on a 



biochemical system, comprising: 

a substrate having at least one surface: 

a pluralit>- ot reaci.on channels fabricated into sa.d surface: 
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at least two transverse channels fabricated into said surface, 
each of said plurality of reaction channels being fluidly connected to a first of said 
at least two transverse channels at a first point in said reaction channels, and fluidly 
connected to a second of said at least two transverse channels at a second point in 
said reaction channels, said at least two transverse channels and said plurality of 
reaction channels each having at least one cross-sectional dimension in the range 

from about 0.1 to about 500 urn: 

a source of at least one component of said biochemical system. 

said source of at least one component of said biochemical system being fluidly 
connected to each of said plurality of reaction channels; 

a source of test compounds fluidly connected to said first of 

said at least two transverse chaimels: 

a fluid direction system for controlling movemem of said test 
compound and said at least one component within said at least two transverse 
channels and said plurality of reaction channels; 

a cover mated with said surface; and 
a detection system for detecting an effect of said test 
compound on said biochemical system. 

22. The apparatus of claim 21 , wherein said fluid control system 

comprises: 

a plurality of individual electrodes, each in electrical contact 
with each terminus of said at least two transverse channels, and 

a control system tor concomitantly applying a variable voltage 
at each of sa.d electrodes, wherebv movemem o. said test compounds or sa.d at 
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least first component in said at least two 
reaction channels are controlled. 
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transverse channels and said plurality of 



23. The apparatus of claim 21 , wherein each of said plurality of 
reaction channels comprises a bead resting well at said ftrst point in said plurality of 
reaction channels. 



24. Th= apparatus of data 21, wherein said source of at least one 
component of a biochemica. system is fluidly connected to said plurality o, teaction 
channels bv a third transverse channel, said third transverse channel having a. least 
one cross sectional dim«.sio„ .n a range of from 0.1 to 500 ^m and being fluidly 
connect. u> each of said plurality of reacdon ch«n«ls at a third point in said 
reaction channels. 



2S. Tbc apparams of claim 21. wherein said third point in said 
reaction channels is .mermediate to said first and second poims in said reaction 
channels. 

26. The apparams of claim 25. further comprising a particle 
retention zone in each of said plurality of reaction channels, between said third and 
said second poims in said plurality of reaction chamiels. 

27. The apparams of claim 26. wherein said particle retemion 
zone comprises a particle retemion mainx. 
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28. The apparatus of claim 26. wherein said panicle retemion 
zone comprises a microstrucmral filter. 

29. The apparams of claim 21. wherein said plurality of reaction 
Channels comprises a plurality of parallel reaction channels fabricated into said 
surface of said substrate and said at least two transverse channels are connected at 



opposite 



ends of each of said parallel reaction channels. 



30. The apparams of claim 21. wherein said at least two 
.„e cham^els are fabricated on said surface of said substrate in inner and 
outer concentric channels, respectively, and sa.d plurality of reaction channels 
extend radially from said imier concentric channel to said outer concentric channel. 

31. The apparams of claim 30. wherein said detection system 
comprises a detection window in said second channel. 

c 7n u/herein said detection system is a 

32. The apparams of clami 30, wnerem sdiu u 

fluorescent detection system. 



33. The apparams 



of claim 21. wherein said substrate is planar. 



34. The apparams of claim 21. wherein said substrate comprises 



etched glass. 
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etched silicon, 
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The apparatus of claim 2 . wherein said substrate comprises 



36. The apparams of claim 21. further comprising an insulating 
layer disposed over said etched silicon substrate. 



37. The apparatus 



of claim 21, wherein said substrate is a molded 



polymer. 



38. The apparatus of claim 21. whereii. said at least otK 
„^ Of a biochentioa, syst«n ccnprUes an et^ytne. atK. an enzyne su.sn.te 
Which produces a detectable sign.. «hen «acted with said enzyme. 

39. The apparams of cUim 38. wherein said enzyme substrate is 
selected from the group consisth^ of chromogenic a^i fluorogenic substrates. 

40. Hie apparams of ctaim 21, "herein said at leas, first 
componem of a biochemical sys.™ comprises a receptor/ligand binding pair. 
Wherein at least one of said receptor or ligand has a detecuble signal associated 
therewith. 



of claim 21. wherein said first component of a 

on^nrises a receptor/Heand binding pair, wherein binding of 
biochemical system comprises a recepioi . 



41. The apparatus 



said receptor to 



said ligand produces a delectable signal. 
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42. A method of deiennining whether a sample contains a 
compound capable of affecting a biochemical system, comprising: 

providing a substrate having at least a first surface, and at 
chamiels fabricated in said first surface, at least one of said at 
cham«ls having at least one cross-sectional dimension in a 



1 

2 
3 

4 least two intersecting 

5 least two intersecting 



6 
7 
8 
9 
10 



1 
2 



1 



range from 0.1 to 500 /xm; 

flowing a first component of a biochemical system in a first of 

said at least two intersecting channels; 

flowing said sample from a second chamiei into said first 
cha.^, Whereby said sample con»c.s said first co^ponen. of said bioc>«,nica> 



H system; and 

effect of said at least sample on said biochemical 



12 

13 system. 



detectmg an 



1 

2 
3 

4 antigen 



43. The method of claim 42. wherein said at least first componem 
of a biochemical system comprises at least one member of an antibody/antigen 
binding pair, wherein said antibody is specifically immunoreactive wUh satd 



44. The method of claim 42. wherein said at least first componem 

.nn,nri.es an amibody and an antigen specifically reactive 
of a biochemical system comprises an anuou y 

with said antibody. 

45. The method of claun 42. wherem one of sa.d amibody or 
amigen comprises a detecuble labelling group. 
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46. The meihod of claim 4: .vherein said at least first component 
of a biochemical system comprises at least one member of a receptor/ ligand binding 
pair. 

47. The mtlhod of claim 42. wherein s»id at leas, nrst component 
„, a biochemica. system comprises a re«ptor a^i a ligand capable of specffl^ly 
binding to said ligand. 



1 



48. The 



method of claim 42. wherein said sample is derived from 



a patient. 



49. The 



method of claim 48. wherein said sample is blood- 



derived. 



50. The method of claim 42. wherein said detecung step 
comprises measuring a parameter of said b.ochemica. system in the presence and 
absence of said sample, and comparing the measured parameter in the presence of 
said sample to the measured parameter in the absence of said sample, a change in 
said parameter being indicative that said sample has an effect on said biochemica, 
6 system. 



51. An apparams 



for screening test compounds for an effect on 



2 biochemical system, comprising: 

a substrate having at least one surtace. and comprising ai least 

.wo mtersccun, channels fabricated .mo sa.d surface of sa.d substrate, at least one 
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Of said at leasi two intersecting channels having at least one cross-sectional 
dimension in the range from about 0.1 to about 500 ^m: 

a source of a sample fluidly connected to a first of said at least 

two intersecting channels; 

a source of at least one component of said biochemical system 

fluidly comiected to a second of said at least two intersecting channels; 

a fluid direction system for flowing said at least one 
componem within said second of said at least two intersecting channels and for 
introducing said sample from said first to said second of said at least two 
intersecting channels; 

a cover mated with said surface; and 

a detection zone in said second channel for detecting an effect 
of said sample on said biochemical system. 

52. A method of screening a plurality of test compounds for an 

effect on a biochemical system, comprising: 

providing a substrate having at least a first surface, and at 
least two intersecting channels fabricated in said first surface, at least one of said at 
least two intersecting chamiels having at least one cross-sectional dimension in a 

range from 0.1 to 500 ^m; 

flowing a first componem of a biochemical system in a first of 

said at least two intersecting channels; 

flowing at least a first test compound from a second channel 
into said first chamiel whereby said first lesi compound contacts said first 
componem of said biochemical system: and 
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detecting an effect of said at least first test compound on said 

biochemical system. 

53 The meO-od of claim 52. wherein said « leas, fe, componem 
0, a hioche^ica. sys.e. produces a de-chie si^ represe«a.ive o, a — of 
said biochemical system. 

54 The n«*od of claim 52, wherein said a. leas. firs, component 
.rrher composes an indi^-or compound wh,ch in«rac. wi.h said f.rsr componen. 
„ produce a de.ec.ahle signal represema.ive of a ..ncioning of said hiochemical 

system. 

55 The memod of claim 52. wherein said ftts. component of a 
hiochemical system comprises a„ enzyme at. a suhs.a« for said en^me. wherein 
acion of said enzyme on said suhs.ra.e produces a de.ecuble signal. 

^ J f wherein said first component of a 

56 The method of claim 52, wnereiu aa 

hiochemical sys.em comprrses a receprorMgand hinding pa., wherein at least one o 

r„,nrf has a detectable sienal associated therewith, 
said receptor or ligand has a aeicuiaui _ 

57 The meUiod of claim 52, Wherein said first component of a 
.iochemica, system comprises a receptor/ligand hinding pair, where.n hind.ng of 
said receptor to said Ugand produces a detectable signal. 
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58. The method of claim 52, wherein said at least first componem 
of a biochemical system is a biological barrier and said effect of said at least first 
test compound is an ability of said test compound to traverse said barrier. 

59. The method of claim 58. wherein said barrier is selected from 
the group consisting of an epithelial or an endothelial layer. 

60. The method of claim 52. wherein said at least first component 
of a biochemical system comprises cells, and said detecting step comprises 
determining an effect of said test compound on said cells. 

61. The method of claim 60, wherein said cells are capable of 
producing a detectable signal corresponding to a cellular function, and said detecting 
step comprises detecting an effect of said test compound on said cellular function by 
detecting a level of said detectable signal. 

62. The method of claim 60. wherein said detecting step 
comprises detecting an effect of said test compound on viability of said cells. 

63. A method of screening a plurality of test compounds for an 

effect on a biochemical system, comprising: 

providing a substrate having at least a first surface, and at 
least two intersecting channels fabricated in said first surface, at least one of said at 
least two intersectmc channels havmg at least one cross-sectional dimension in a 
ranee from 0. 1 lo 500 ^m: 
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cominuously nowing a Am component of a :ochemical 
sys«m in . nts. channel of saU. at .east two inters^-ns channeU; 

periodically introducing a different test compound into «.d 

J u ...1 r.1 said at least two intersecting channels; and 
Hrst channel from a second channel of said teas 

detecting >n effect of said test compound on said at least first 
component of a biochemical system. 

«4 The method of Claim 63. whetein said step of periodically 
.ntroducin. comprise flowing a plurality of different test compo^tds into said first 
Channel from a second channel of said a. least two intersecting channels, each of 
^d plurality of different test compounds heing physically isolated from each other 
of said plurality of different test compounds. 

« The m«hod of claim 63. wheretn said at least firs, component 
. hiochemical system produces a detectahle signal repres^ttaU^e of a fimction o, 
said biochemical system. 

« The meUtod of date. 65. wherein said deleting comprises 
monitoring said detectahle signal from said continuously fiowtng first component a, 

„d wherein satd effect of said interaction between said firs, component and sa,d 
compound comprises a deviation from said steady sute intensity of said 

detectable signal. 
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67. The method of claim 65. wherein said at least first component 
further comprises an indicator compound which interacts with said first component 
to produce a detectable signal representative of a functioning of said biochemical 
system. 

68. The method of claim 67. wherein said fu^t componem of a 
biochemical system comprises an enzyme and said indicator compound comprises a 
substrate for said enzyme, wherein action of said enzyme on said substrate produces 
a detectable signal. 

69. The method of claim 65. wherein said at least first component 
of a biochemical system comprises a receptor/ligand binding pair, wherein at least 
one of said receptor or ligand has a detectable signal associated therewith. 

70. The method of claim 69. wherein said receptor and said ligand 
flow along said fu-st channel at different rates. 



71. The method of claim 65, wherein said first component of a 
biochemical system comprises a receptor/ligand binding pair, wherein binding of 
said receptor to said ligand produces a detectable signal. 

72. The method of claim 63 . wherein said at least first componem 
of a biochemical system comprises cells, and said detecting step comprises 
determining an effect of said test compound on sa.d cells. 
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73. The method of claim 72, wherein said cells are capable of 
producing a detectable signal corresponding to a cellular Sanction, and said detecting 
step comprises detecting an effect of said test compound on said cellular ftinction by 
detecting a level of said detectable signal. 

74. The method of claim 72, wherein said detecting step 
comprises detecting an effect of said test compound on viability of said cells. 

75. A method of screening a plurality of different test compounds 

for an effect on a biochemical system, comprising: 

providing a substrate having at least a first surface, and a 
plurality of reaction channels fabricated in said first surface, each of said plurality 
of reaction channels being fluidly connected to at least two transverse channels 

fabricated in said surface; 

introducing at least a first component of a biochemical system 

into said plurality of reaction channels: 

flowing a plurality of different test compounds through at least 
or« of said at least two transverse channels, each of said plurality of test compounds 

being introduced into said at least one transverse chamiels in a separate subject 

material region: 

directing each of said plurality of different test compounds 
into a separate one of said plurality of reaction channels: and 

detectmg an effect of each of said test compounds on said at 

least one component of said biochemical system. 
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76. The method of claim 75. wherein said at least first component 
of said biochemical system produces a flowable detectable signal representative of a 
function of said biochemical system. 

77. The method of claim 76, wherein said detectable flowable 
signal produced in each of said plurality of reaction chamiels is flowed into and 
through said second transverse channel, each of said detectable flowable signals 
produced in each of said plurality of reaction chamois being physically isolated 
from each other of said detectable flowable signals, whereupon each of said 
detectable flowable signals is separately detected. 

78. The method of claim 76, wherein said flowable signal 
comprises a soluble signal. 

79. The method of claim 78, wherein said soluble signal is 
selected from fluorescent or colorimetric signals. 

80. The method of claim 75. wherein said at least first component 
further comprises an indicator compound which interacts with said first componem 
to produce a detecuble signal representative of a functioning of sa.d biochemical 
system. 



81 



The method of claim 80. wherein said first component of a 
biochemical system comprises an enzyme and said indicator compound comprises a 
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a detectable signal. 

82. The method of claim 75. wherein said at least first componem 
of a biochemical system comprises a teceptor/ligand binding pair, wherein at least 
one of said receptor or ligand has a detecuble signal associated therewith. 

83. The method of claim 75, wherein said first componem of a 

.„^nri^es a receptor/Ugand binding pair, wherein binding of 
biochemical system comprises a recepior/»s 

said receptor to said ligand produces a detectable signal. 

84. The method of claim 75. wherein said at least first componem 
of a biochemical system comprises cells, and said detecting step comprises 
determining an effect of said test compound on said cells. 

85. The method of claim 84, wherein said cells are capable of 
p^oducing a detectable signal corresponding to a cellular Unction, and said detecting 
.ep comprises detecting an effect of said test compound on said cellular — by 
detecting a level of said detectable signal. 

86. The method of claim 85, wherein said detecting step 
comprises detecting an effect of said test compound on v.ability of said cells. 

87. The method of claim 75. wherein each of said plurality of 
different test compounds is immobtUzed upon a separate bead, and sa.d step of 
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directing each of said plurality of different test compounds into a separate one of 
said plurality of reaction channels comprises: 

lodging one of said separate beads at an intersection of said 
first transverse channel and each of said plurality of reaction chamtels; and 

controllably releasing said test compounds from each of said 
separate beads into each of said plurality of reaction channels. 

88. The use of a microfluidic system containing at least a first 
substrate having a first channel and a second channel intersecting said first chamxel, 
at least one of said chamiels having at least one cross-sectional dimension in a range 
from 0.1 to 500 ^m, in order to test the effect of each of a plurality of test 
compounds on a biochemical system. 

89. A use of Claim 88. wherein said biochemical system flows 
through one of said channels substantially continuously, enabling sequential testing 
of said plurality of test compounds. 

90. A use of Claim 88, or claim 89, wherein the provision of a 
plurality of reaction channels in said first substrate enables parallel exposure of a 
plurality of test compounds to at least one biochemical system. 



91. A use of any of claims 88. 89, or 90 wherein each test 
:ompound is physically isolated from adjacent lest compounds. 
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92. n« u» of a subaraie carrying imersecttog chaimels in 
^ning ^ ma»ria,s for cffcc. on a biochemica. sys.cn. by now.ng saia ^ 
trials a^J biochemical system logerher using said channels. 

„. A us. of Claim 92. wherein ac least one of said channels has 
„ leas, one cross-s^tional dimension of range 0. 1 to 500 Mm. 

,4. An assay atUizing a use of any one of Claims 88 to 93. 

,5. An apparams for detecdng an effect of a test compound on a 
bioch^nical system, comprising a substrate having at least one surface with a 
plurality of reaction ch^mels fabricated into the surface. 

9t. An apparams as Claimed in Claim 95. having a. least two 
^.verse channels fabricated into the surface, wherein each of the plurality of 
action Channels is fluidly connected to a nrst of the at least two transverse 
Channels at a ftrs. poim in each of the reaction channels, and fluidiy connected to a 
.econd transver^ channel at a second point in each of the reaoion channeU. 



97. Assay apparatus 

or Claim 1 . 



including an apparatus as claimed in Claim 95 
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